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“Scientific knowledge is the highest attainment upon the 
human plane, for science is the discovery of realities.” 
 
-  ‘Abdu’l-Bahá (1844-1921) 
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GENERAL SUMMARY 
 
The aim of this thesis was to study molecular and clinical aspects of hepatitis C infection 
(HCV), especially in patients with advanced liver disease.  
 
In the first study we investigated whether the use of a second generation contrast agent in 
ultrasound (US) examinations can improve detection of hepatocellular carcinoma (HCC) and 
characterisation of focal liver lesions in 49 HCV-infected patients with liver cirrhosis. In total 
96 examinations with conventional US followed by a contrast-enhanced ultrasound (CEUS) 
examination were analysed retrospectively. The number of diagnosed malignant liver lesions 
increased from one to ten after CEUS. 
 
In the second study we analysed the efficacy and tolerability of combination therapy with 
pegylated interferon (peg-IFN) and ribavirin in 104 patients with HCV-associated Child-Pugh 
class A liver cirrhosis at a Swedish university clinic. Sustained virological response (SVR) was 
achieved in 13% of genotype 1-, 60% of genotype 2-, and 31% of genotype 3-infected patients. 
In treatment-naïve patients, the corresponding rates were 13%, 82% and 38% respectively. In 
46% of patients, treatment was discontinued prematurely owing to a lack of virological 
response in the majority. SVR rates found in our study, in particular for genotype 1 patients, 
were lower than those generally found in randomised controlled studies.  
 
In the third study we evaluated the long-term impact of SVR to antiviral therapy on the risks of 
developing HCC, liver complications and death in 351 HCV-infected patients with 
compensated Child-Pugh class A liver cirrhosis. They were followed prospectively for a mean 
of 5.3 years, up to 8.6 years. Among patients with SVR (n=110), 5.0% developed HCC, 3.6% 
ascites, 0.9% liver encephalopathy and none variceal bleeding. The incidences of HCC, any 
liver complication, liver-related and overall death per 100 person-years were 1.0, 0.9, 0.7 and 
1.8% among patients with SVR versus 1.9, 2.5, 2.4 and 3.1% respectively among patients 
without SVR (n=241). Risks of HCC, liver decompensation and death were markedly reduced 
in patients with SVR, but the risk of developing HCC was remaining at 1% per year.  
 
In the fourth study we investigated whether there is an association between levels of the HCV 
NS3 protein in liver biopsies, T cell protein tyrosine phosphatase (TCPTP) cleavage and 
clinical parameters in patients with chronic HCV infection. Hepatic NS3 and TCPTP protein 
levels were determined in liver biopsies from 69 HCV RNA-positive patients and 16 control 
patients. Levels were correlated to viral load or clinical parameters for the severity of liver 
disease. We found that intrahepatic NS3 expression and the viral load were inversely correlated 
with intrahepatic TCPTP protein levels. Detection of NS3 did not associate with any other 
clinical parameters. The clear link demonstrated suggests that TCPTP cleavage may have 
important consequences for the HCV life-cycle and HCV-induced liver diseases. 
 
Conclusions: In HCV-infected patients, TCPTP cleavage may play an important role for the 
viral life-cycle and progress of HCV-induced liver disease. Patients with HCV-induced liver 
cirrhosis who receive standard of care therapy in clinical settings achieve SVR at lower rates 
than those generally found in randomised controlled studies, in particular genotype 1 patients. If 
SVR is achieved, risks of HCC, liver decompensation and death are markedly reduced in these 
patients, but the risk of HCC remains at a non-negligible level, warranting a continued 
surveillance for HCC. Diagnostic confidence may be improved with CEUS in surveillance for 
HCC. Patients with HCV-induced liver cirrhosis constitute a clinically challenging group of 
patients. Additional studies are needed to further understand the pathogenesis of HCV and how 
it establishes a chronic infection, in order to improve the rate of eradication by treatment and to 
identify prognostic factors for liver complications after achieving SVR, along with optimising 
surveillance in patients with chronic HCV infection, so that survival may be increased.  
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1 INTRODUCTION: HEPATITIS C VIRUS 
 
1.1 HISTORY 
The field of viral hepatitis was initiated in the 1950s and 60s with the distinction of so-
called “infectious” and “serum” hepatitis (1), later proven to be due to infection by the 
hepatitis A virus (HAV) in 1973 (2) and the hepatitis B virus (HBV) in 1968 (3). In the 
mid-1970s, serological tests were introduced to detect infection by HAV and HBV and 
soon it became obvious that neither virus caused a large portion of cases of parenterally 
transmitted hepatitis (4). This gave rise to the term non-A, non-B (NANB) hepatitis (5). 
The disease was transmissible to chimpanzees and its insidious development was 
demonstrated in humans with up to ∼ 20% of infected patients slowly progressing to 
liver cirrhosis, typically over the course of many years (6, 7). 
  
The genome of the infectious agent was first cloned and characterised in 1989, 
serological tests were developed and the cause for NANB hepatitis was named the 
hepatitis C virus (HCV) (8). 
 
1.2 EPIDEMIOLOGY 
It is estimated that 130-170 million persons, or 2-3% of the world’s population, are 
infected with HCV (9, 10), the majority living in Central/Southeast Asia and the 
Western Pacific regions (11). Transmission of HCV infection mainly include blood 
transfusion from unscreened donors, injection drug use (IDU), unsafe therapeutic 
injections and other health-care related procedures. IDU has been considered to be the 
predominant mode of HCV transmission in developed countries. Unsafe therapeutic 
injections have been of great importance in the spread of HCV in many developing 
countries where supplies of sterile syringes may be inadequate or non-existent (10, 12). 
In Egypt, the country with the highest reported seroprevalence of HCV in the world, a 
nationwide schistosomiasis treatment campaign was carried out from 1960 to 1987 
using contaminated glass syringes, representing the largest outbreak of iatrogenic 
transmission of a bloodborne pathogen ever recorded (13). Other modes of 
transmission include occupational, perinatal and sexual exposures, but with much less 
efficiency compared to large or repeated percutaneous exposures.   
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In Sweden (population 9 million), the prevalence has been estimated to be about 0.5% 
(14). The spread of HCV started during the mid-1960s and culminated during the 70s 
with the rise of IDU (15), which is the predominant mode of transmission today. 
However, around 6% of registered cases in the country have been attributed to 
transfusions of blood or blood products. Since 1992, it is mandatory to test for HCV in 
donated blood and blood products and all newly diagnosed cases of HCV infection are 
to be reported by Swedish law. It has been estimated that about 60% of patients 
diagnosed with HCV infection were most likely infected in the 1970s and early 1980s 
and now, having been infected for 25-30 years, run an increased risk of developing 
HCV-related liver disease and hepatocellular carcinoma (HCC) (16). 
 
1.3 MOLECULAR STRUCTURE 
The HCV was found to have a ribonucleic acid (RNA) genome with similar 
characteristics to the flaviviruses and pestiviruses. HCV was therefore classified as a 
third separate genus, hepacivirus, in the Flaviviridae virus family (17). The hepatitis C 
virion is a spherical particle of approximately 55-65 nm (8, 18). The genome consists of 
a single stranded positive sense RNA of approximately 9600 nucleotides, containing a 
single open reading frame (ORF). The ORF encodes a precursor poly-protein of 3010-
3033 amino acids (aa) encoding the 10 viral proteins. The precursor protein is cleaved 
into the structural proteins core (C), envelope (E) 1, E2 and p7 and the non-structural 
(NS) proteins NS2, NS3, NS4A, NS4B, NS5A and NS5B. (19, 20). The NS proteins 
are responsible for replication and packaging of the viral genome into capsids formed 
out of structural proteins (21). The genetic organisation of the HCV is summarised in a 
simplified manner in Figure 1. 
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Figure 1. The organisation of the HCV genome and the function of its proteins are shown. 
 
1.3.1 Genetic heterogeneity: Genotypes  
The genetic heterogeneity of HCV was revealed in the early 1990s (22, 23). The 
classification of HCV was put forward by the publication of a consensus paper in 1994 
(24), dividing the HCV into 6 genotypes, using phylogenetic methods. Each genotype 
contains a number of subtypes, indicated by a letter (a, b, c, etc.). Genotypes differ from 
each other by ~32% at the nucleotide level, compared to ~22% between subtypes. 
 
The HCV genotypes are clustered diffentely in the world. Genotypes 1, 2 and 3 and 
their subtypes are distributed worldwide. Genotype 4 appears to dominate in Africa, 
mainly in Zaire and Egypt, while genotype 5 is mainly found in South Africa and 
genotype 6 in Asia (25). Genotype 1 is the most common genotype in Sweden and has 
been estimated to account for 41-70% of HCV-infected patients (26, 27). 
 
The realisation of the diversity of HCV has important clinical implications. A majority 
of patients infected with genotypes 2 and 3 are curable with standard of care (SOC) 
therapy, which consists of pegylated interferon (peg-IFN) in combination with 
ribavirin, while only 42–46% of genotype 1-patients are cured by such treatment (28, 
29). However, with the introduction of first generation NS3/4A protease inhibitors in 
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2011 as part of treatment for genotype 1-patients, the cure rate in this group has 
increased substantially (30, 31). 
 
1.4 MILESTONES TOWARDS ADVANCED LIVER DISEASE 
Several studies have explored the natural history of HCV infection. About 85% of 
patients infected will develop a chronic infection. Of these, approximately 20-30% will 
progress to develop liver cirrhosis during the following 20 to 40 years. Approximately 
25% will go on to develop hepatic decompensation/HCC (32). Section 1.7 discusses 
this in more depth. Figure 2 describes the typical milestones towards HCV-induced 
advanced liver disease. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Steps of liver disease caused by HCV infection. Values shown as percentage of patients from 
each group.  
 
1.5 ACUTE HEPATITIS C INFECTION 
Acute HCV infection is followed by viral clearance, which is defined as undetectable 
HCV RNA in the blood, and can develop 2-12 weeks after being exposed to the virus, 
lasting less than 3 months (33, 34). This occurs in about 25% of individuals infected 
(35). However, if viremia persists for more than 6 months, it is accepted as a chronic 
infection (36). 
 
In the initial phase of infection, the virus appears in the blood within 2-15 days of 
exposure. Levels of liver-associated serum enzymes, alanine aminotransferase (ALT) 
and aspartate aminotransferase (AST), increase and HCV-specific antibodies appear 
gradually within 20-150 days of exposure (37-39). The mean incubation period is 7 
weeks and 10-15% of patients report symptoms. Primary HCV infection often has mild 
and non-specific symptoms, such as lethargy and myalgia. However, jaundice may be 
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present (40). Some patients clear the virus spontaneously and remain anti-HCV 
positive for decades with no HCV RNA detectable in serum or liver tissue (41, 42).  
 
The following factors have been identified with spontaneous clearance: an effective 
immunity shown as jaundice or other signs and symptoms of hepatitis (33, 43-45), age 
less than 40 years (35, 46), female gender (35, 47, 48), a disease presented with lower 
viral load (43) and being of non-black ethnic origin (43, 49). 
 
1.6 CHRONIC HEPATITIS C INFECTION 
In the majority of newly infected individuals, viremia persists beyond 6 months and 
leads to chronic hepatitis C (CHC) infection. CHC infection is diagnosed based on the 
presence of anti-HCV antibodies and HCV RNA. Serum is used to detect the presence 
of HCV RNA by testing for the quantity of viral particles by the reverse transcriptase-
polymerase chain reaction. The detection of HCV antibody is usually carried out 
through commercially available enzyme-linked immunosorbent assay (ELISA) or 
enzyme immunoassay. A positive ELISA result may be confirmed with a more specific 
supplementary test called recombinant immunoblot assay (50). 
 
Liver disease, manifested in the form of progressive fibrosis and the development of 
cirrhosis, determines the morbidity and mortality of CHC infection (51). Several factors 
affect the natural course of HCV infection. The most consistent environmental risk 
factor for accelerated disease course is alcohol abuse (52, 53). It has been established 
that HCV infection and heavy alcohol consumption synergistically accelerate liver 
injury and progression to cirrhosis (54) and HCC (55, 56). Even moderate alcohol 
intake seems to increase fibrosis progression (57). The mechanisms by which alcohol 
and HCV interact to synergistically accelerate liver damage are not yet fully 
understood.  
 
Patients with CHC tend to have more severe liver disease if they are obese or diabetic 
(58, 59).  
 
Table 1 shows factors associated with disease progression in CHC, divided into non-
modifiable and potentially modifiable factors. 
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Table 1. Factors associated with disease progression in chronic hepatitis C.           
Non-modifiable factors  Potentially modifiable factors 
Age at acquisition of infection 
Duration of infection 
Male sex 
Race 
Host genetic factors 
Viral genotype  
  
ALT level 
Activity on liver biopsy 
Alcohol consumption 
Co-infection with HBV or HIV 
Co-infection with schistosomiasis  
Metabolic factors (steatosis, insulin resistance) 
Cigarette smoking 
Daily cannabis use 
Iron overload 
Reprinted from Missiha et al, 2008 (60), with permission from Elsevier.             
 
HCV infection has also been associated with extrahepatic manifestations, such as 
cryoglobulinemia, porphyria cutanea tarda, membranous glomerulonephritis and with 
increased risk of non-Hodgkin lymphoma (61). 
 
1.6.1 Viral evasion strategies by hepatitis C virus  
As described further on, HCV establishes a chronic infection in the majority of cases. 
In order to survive the host immune responses, HCV has developed multifactorial 
mechanisms to evade immune elimination and can thereby achieve a persistent 
infection.  
 
The first defence of the human body against viral infection is the innate immune 
response, which in the liver is constituted by natural killer (NK) cells, natural killer T 
(NKT) cells, Kupffer cells (liver macrophages), and a rapid interferon (IFN) or 
cytokine response exerted by the infected hepatocytes.  
 
Human cells/hepatocytes recognize HCV or other microbial pathogens through a wide 
variety of pathogen recognition receptor (PRR) molecules, including the retinoic acid 
inducible gene I (RIG-I) like receptors (RLRs), Toll-like receptors (TLRs) and NOD-
like receptors (NLRs). PRRs serve to distinguish self from non-self by their recognition 
and interaction with pathogen specific molecules, termed pathogen associated 
molecular patterns (PAMPs) (62). IFNs are a major product of PRR signaling and are 
produced and secreted from HCV-infected cells. IFNs inhibit viral replication, cell 
proliferation and apoptosis via different signal pathways and play a role in both the 
innate and adaptive immune responses. 
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RIG-I is the major PRR that recognizes HCV and triggers the antiviral immune 
response (63, 64). The role of TLRs in sensing the HCV and promoting antiviral 
immunity is not fully understood as that of RIG-1. TLR responses may play a role in 
sensing HCV within infected cells, possibly by increasing IFN production and 
responses, with promotion of inflammatory signaling within the infected liver.  
 
A major strategy employed by HCV to subvert the host innate immune response is to 
undermine IFN antiviral activity (65). In this context, the NS3/4A protease has been 
proposed as the key viral protein (further described in 1.6.1.1), but also HCV core (66, 
67), NS5A and the glycoprotein E2 have been shown to interact with IFN activity (68, 
69). 
 
The innate immune responses are followed by activation of adaptive immune responses 
including CD4+, CD8+ T cells and B cells. Various mechanisms have been suggested 
in which the HCV impairs the adaptive immune responses. Evidence suggests that 
CD4+ and CD8+ T cells have crucial but distinct roles in determining the outcome of 
HCV infection (70).  
 
One of the most potent immune evasion strategies that the HCV employs is escape by 
mutations. Its error-prone RNA polymerase lacks proof-reading ability and together 
with the high viral replication rate a tremendous amount of mutations are generated 
(71) and hence immune escape is promoted. 
 
1.6.1.1 The NS3/4A complex and its cellular targets for establishing persistent 
infection 
The NS3 is a multifunctional protein with an N-terminal serine-protease domain of 
around 180 aa, and a C-terminal 442 aa domain with helicase/NTPase activities. The 
complete protease encompasses both the NS3 and the co-factor NS4A, comprising 54 
aa. The NS3/4A complex combines the enzymatic activities of a protease and helicase, 
the first one needed for polyprotein cleavage and the latter responsible for unwinding 
and separation of the replicating double-stranded RNA. Due to its essential role for 
viral replication, the NS3/4A protease has been one of the most attractive targets for 
developing specific antiviral drugs against HCV. The first generation of NS3/4A 
protease inhibitors were introduced as part of therapy in the fall of 2011 (further 
described in section 1.8.4) and several other agents are under development (30, 31). 
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Apart from being essential for the viral life-cycle, the NS3/4A protease/helicase has 
been proposed as a key complex in modulating the infected hepatocyte by blocking 
innate immune pathways and thereby contributing to the persistence and pathogenesis 
of HCV. The cellular targets of the NS3/4A are illustrated in a simplified manner in 
Figure 3. By cleaving and inactivating cellular proteins which induce innate immune 
responses, being the first line of defence, HCV may establish persistent infection. 
The targets of the NS3/4A complex identified until now are mitochondrial antiviral 
signaling protein (MAVS), TIR domain-containing adaptor inducing IFNβ (TRIF) and 
T cell protein tyrosine phosphatase (TCPTP) (72).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. Cellular targets of the HCV NS3/4A protease. By Morikawa et al, 2011 (72).  
Published with permission. © 2011 Blackwell Publishing Ltd 
 
1.6.1.1.1 MAVS and TRIF 
Hepatocytes are thus believed to sense HCV RNA through RIG-I and TLR3. By 
cleaving the adaptor molecules MAVS and TRIF, interferon regulatory factor 3 (IRF3) 
activation and IFN production are blocked. (73-75). This prevents the establishment of 
an antiviral state in infected and neighbouring cells. 
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1.6.1.1.2 TCPTP  
TCPTP, also known as PTPN2 (protein tyrosine phosphatase nonreceptor type 2), is an 
ubiquitously expressed phosphatase first described in T cells (76). For cellular 
homeostasis, the maintenance of proper protein tyrosine phosphorylation levels is 
critical (72). The fact that TCPTP-deficient mice die 3-5 weeks after birth because of 
systemic inflammation (77) shows the fundamental role of TCPTP as a negative 
regulator of diverse signal transduction pathways. Epidermal growth factor (EGF) 
stimulation causes TCPTP to exit from the nucleus, resulting in dephosphorylation of 
the EGF receptor. This leads to decreased downstream activation of the 
phosphatidylinositol 3-kinase (PI3K)-Akt pathway (78).  
 
A rather recent finding has shown that the third cellular target of NS3/4A identified 
until now is TCPTP. The cleavage of TCPTP by NS3/4A causes the important negative 
feedback regulation of epidermal growth factor receptor (EGFR) signaling and Akt 
activation to be disrupted, resulting in an enhancement of EGF-induced signal 
transduction and an increase basal activity of Akt. These are both essential for the 
maintenance of sufficient viral replication (79). The increase in EGFR activity also 
enhances HCV cell entry (80). In addition, the inactivation of TCPTP has been found to 
have a possible implication for the development of HCC (81-84).  
 
In short, cleavage of TCPTP may have important consequences for the HCV life-cycle 
and signal transduction as well as HCV-induced liver diseases. 
 
1.7 HCV-INDUCED LIVER CIRRHOSIS  
The main histopathological feature of liver cirrhosis is the extensive deposition of 
extracellular matrix responsible for the increased resistance to portal blood flow, 
development of vascular shunting and regenerative nodules.  
 
Certain risk factors leading to cirrhosis are known. The single most important factor 
known to contribute to the progression of liver damage in CHC infection is persistent 
inflammation. Acquired infection after age 40 years, male sex, excessive alcohol-
consumption, HBV or HIV co-infection, steatosis and immunosuppressed state have 
been identified as co-factors associated with progression of fibrosis and development of 
cirrhosis (60, 85-89). 
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The exact prevalence of HCV-induced cirrhosis is unknown due to the high number of 
undiagnosed HCV-infected individuals and since compensated cirrhosis often goes 
undetected for an extended period of time. The prevalence of HCV-induced liver 
cirrhosis is estimated to be rising, with increased cases of HCC in the Western world. 
 
1.7.1 Diagnosis of liver cirrhosis 
Liver biopsy has been considered as the gold standard for fibrosis evaluation and 
treatment indication in patients with CHC (90). However, in recent years it has been 
gradually replaced with transient elastography (TE), which is a non-invasive method 
measuring liver stiffness (FibroScan®, Echosens, Paris, France) (91, 92). The 
disadvantages of liver biopsy are sampling errors and intra- and inter-observer 
variability that may lead to understaging (93-95). Also, liver biopsy is a painful 
procedure with rare, but potentially life-threatening complications. The limitation of TE 
is mainly failure (around 5% of cases), mostly in obese patients. Studies of TE have 
demonstrated very high accuracy for determining the presence or absence of advanced 
fibrosis (92).  
 
The extent of liver fibrosis is of major importance in CHC. For patients with HCV, one 
of the few validated scoring systems designed is called METAVIR (96, 97). It uses two 
separate scores, one for the stage of fibrosis (F from F0 to F4 cirrhosis) and another for 
necro-inflammatory grade (A for activity, from A0 to A3). Activity scores are: A0 = no 
activity, A1 = mild activity, A2 = moderate activity, A3 = severe activity. In Table 2, 
METAVIR score fibrosis staging and corresponding figures of TE are shown (98). 
 
Table 2. METAVIR score and corresponding liver stiffness measurement with transient elastography are 
shown.  
Fibrosis stage according to METAVIR score Transient elastography (kPa) 
F0 = no fibrosis F0-F1: 2.5- 7 
F1 = portal fibrosis without septa 
F2 = portal fibrosis with few septa 7–9.5 
F3 = numerous septa without cirrhosis 9.5–12.5 
F4 = cirrhosis >12.5 
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Cirrhosis can also be diagnosed based on the clinical presentation of the patient. 
Patients with cirrhosis may present stigmata of chronic liver disease at physical 
examination, e.g. spider angiomas, palmar erythema, flapping tremor (asterixis) and 
gynecomastia. If signs of decompensation, such as ascites, variceal bleeding or hepatic 
encephalopathy and/or presence of varices or portal hypertensive gastropathy during 
gastroscopy are present, combined with changes in liver function test values (albumin, 
prothrombin index, bilirubin) and radiological imagery indicating cirrhosis, the 
diagnosis can be made without performing biopsy. Low platelet count and AST/ALT 
ratio > 1 also indicate cirrhosis (95).  
 
1.7.2 Clinical features of liver cirrhosis 
Cirrhosis is often asymptomatic and unsuspected until the occurrence of liver 
complications. When severe portal hypertension occurs with a caval-to-portal pressure 
gradient above the threshold value of 12 mmHg, the critical step is reached that 
eventually gives rise to liver decompensation (99). Chronic liver disease is said to be 
decompensated when one or the other complication of the disease has developed: 
ascites, variceal bleeding, impaired hepatic synthetic function, jaundice, or hepatic 
encephalopathy (Table 3).  
 
Studies report that the first most common and most frequent complication to arise is 
HCC and then ascending in hierarchical order: ascites, jaundice, bleeding and 
encephalopathy (100, 101). TE has shown to be useful not only in diagnosing the 
presence of cirrhosis, but also assessing its severity. A study established cut-off values 
for complications of cirrhosis with a negative predictive value >90% according to 
Figure 4 (102). 
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Table 3. Features of decompensated liver disease 
 Description Cause 
Ascites Abnormal accumulation 
of serous fluid in the 
abdominal cavity 
Portal hypertension 
Variceal haemorrhage Bleeding from dilated 
vessels, usually in 
esophagus or stomach 
Portal hypertension 
Impaired hepatic 
synthetic function 
Decreased level of 
albumin 
Decreased hepatic 
production, 
sequestration into ascites 
and interstitium 
Jaundice Yellow discoloration of 
skin, sclerae and mucous 
membranes 
Impaired hepatocyte 
excretory function, 
occurs when serum 
bilirubin >20 mg/L 
Hepatic 
encephalopathy 
Confusion, altered level 
of consciousness or 
coma 
Accumulation of toxic 
substances 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4. Usefulness of liver stiffness measurement with FibroScan® in clinical practice. By Foucher et 
al, 2006 (102). Adapted by permission from BMJ Publishing Group Limited. 
 
The Child-Pugh score and the model for end-stage liver disease (MELD) are also 
frequently used to assess the risk of decompensation (103). The Child-Pugh score is by 
far the most widely used both in clinical practice and in clinical research. The score 
lacks variceal bleeding as a variable, since it was originally developed to predict the 
operative risk of mortality associated with surgical portosystemic shunt surgery in 
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patients with cirrhosis and variceal bleeding (104). MELD is primarily used to predict 
the 90-day mortality of patients awaiting liver transplantation (105). There is no 
evidence to support the superiority of one model over the other in terms of accuracy 
(106, 107).  
 
Child-Pugh score is dependent on the following variables: bilirubin, albumin, ascites, 
encephalopathy and prothrombin time. The score corresponds to the total of points for 
each item (Table 4). According to the sum of these points, patients can be categorized 
into Child-Pugh grade A (5 to 6 points), B (7 to 9 points) or C (10 to 15 points).  
 
Table 4. Child-Pugh classification  
 
 1 point 2 points 3 points 
Encephalopathy Absent 
Medically 
controlled 
Poorly 
controlled 
Ascites Absent 
Medically 
controlled  
Poorly 
controlled 
Bilirubin (mg/L) <20 20–30 >30 
Albumin (g/L) <35 28–35 <28 
INR <1·7 1·7–2·2 >2·2 
Child-Pugh (5–6 points), Child-Pugh B (7–9 points) and Child-Pugh C (10–15 points) predict a life 
expectancy of 15–20, 4–14, and 1–3 years respectively. INR=international normalised ratio. 
 
The annual incidence rate of hepatic decompensation in cirrhotic patients has been 
found to be 2.9-4.4% and the 5-year cumulative incidence of developing 
decompensation after diagnosis of HCV-induced cirrhosis has been reported to be 28% 
(101, 108-110). Approximately 80% of patients with stable cirrhosis and no previous 
episodes of decompensation will survive the next 10 years (32). Once decompensation 
has occurred, the survival declines significantly; the 5-year survival rate in 
decompensated cirrhotics is 50% (111) and barely 30% during the next 10 years (112, 
113). Liver transplantation (LT) is the treatment of choice in all such cases. If HCV is 
not eradicated before going to LT, re-infection with HCV occurs in all transplant 
recipients as a rule. This in turn leads to cirrhosis in around 30% of patients in 5 years 
(114). 
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Independent factors associated with hepatic decompensation (excluding HCC) in 
studies involving patients with HCV-related cirrhosis are older age at infection, higher 
baseline bilirubin level, lower albumin level, lower platelet count, stigmata of chronic 
liver disease on physical examination, the presence of esophageal varices, absence of 
interferon therapy and high baseline AST/ALT ratio (100, 101, 103, 109, 110, 112, 
115). 
 
There is evidence that the severity of portal hypertension, assessed by detection of 
esophageal varices, is the main independent predicting factor of decompensation, HCC, 
and mortality (116). A recent study found TE to be the single best individual predictor 
of clinical outcome (117). 
 
1.8 TREATMENT OF HEPATITIS C INFECTION 
The goal of therapy is to eradicate HCV infection in order to prevent development of 
cirrhosis and the consequence of cirrhosis, with occurrence of decompensation, HCC, 
and liver-related death (118). Patients with liver cirrhosis are therefore the group of 
patients with the most urgent need to achieve eradication of HCV. The endpoint of 
therapy is sustained virological response, defined as undetectable HCV-RNA at the end 
of treatment and at follow-up 6 months after cessation of treatment. In clinical practice, 
a further HCV RNA test, at 6-12 months after SVR, is performed to rule out late 
relapse and to diagnose an eradicated infection. The incidence of late relapse has 
however been reported to be extremely low (˂1%) (119). Patients having achieved 
SVR are informed that although negative in HCV RNA tests, they can be HCV 
antibody positive for many years and they are not allowed to be blood or organ donors. 
Neither are they immune to re-infection with HCV.  
 
All patients who want to be treated without contraindications to therapy should be 
considered for therapy according to the EASL guidelines (118). However, not all 
patients are in need of therapy, due to the natural course of HCV infection. Some 
patients will never develop any complications of liver disease during their lifetime and 
the infection will affect neither their quality of life nor psychosocial well-being. In the 
Swedish treatment guidelines, it is therefore stated that it is important to determine 
whether the patient will benefit from treatment or not through assessing the extent of 
liver damage and take in account other factors as age, general health and personal 
considerations regarding therapy (120).  
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1.8.1 History of treating hepatitis C virus infection 
Even before HCV was identified as the cause of the disease, studies began to evaluate 
treatment of patients with NANB hepatitis. Acyclovir was one of the first antiviral 
agents to be evaluated in the 1980s, but failed to show a positive effect (121). The first 
encouraging results were shown in trials with IFN-α, confirming its partial 
effectiveness with SVR rates of about 6%. When ribavirin was added to IFN-α, SVR 
rates were raised up to 42%. The next step was to enhance the half-life of IFN via 
pegylation, which further improved the virological response (122). Peg-IFN in 
combination with ribavirin have constituted standard of care (SOC) therapy for CHC 
infection during the past decade. In the fall of 2011, two first generation protease 
inhibitors were approved for use in combination with SOC therapy for genotype 1 
patients with further improved SVR rates to around 70% (30, 31). 
 
1.8.2 Standard of care treatment  
One of the two peg-IFN-α molecules, peg-IFN-α-2a (Pegasys®) or peg-IFN-α-2b 
(Pegintron®), can be used in combination with ribavirin, together constituting the SOC 
therapy. During treatment, patients are regularly monitored with blood tests, HCV 
RNA measurements and clinical examinations. The virological terms connected to 
SOC are shown in Table 5. HCV RNA levels at 4, 12 and 24 weeks of therapy can be 
used to assess the likelihood of achieving SVR.  
 
SOC therapy is often lengthy and associated with considerable side effects. Flu-like 
symptoms such as fever, headache, myalgia, fatigue, anemia (mainly ribavirin-
associated), depression, skin rash and gastrointestinal symptoms are the most common 
side-effects. Full adherence to both peg-IFN and ribavirin is associated with improved 
SVR rates (123). Before starting treatment, the following has been recommended: 
 
• Assessment of fibrosis 
• Assessment of HCV genotype 
• If cirrhosis, check for esophageal varices and HCC (gastroscopy, US) 
• Exclude contraindications (psychiatric, severe cardiac disease etc.) 
• IL28B genotype (introduced in recent years) 
 Genotype CC in genotype 1 patients has been associated with a higher probability 
 of attaining SVR with SOC treatment (124).  
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Table 5. Virological Responses during SOC therapy and definitions. By Ghany et al, 2009 (125).     
Virological Response Definition Clinical Utility 
Rapid virological response 
(RVR) 
HCV RNA negative at 
treatment week 4 by a 
sensitive PCR-based 
quantitative assay 
May allow shortening of course 
for genotypes 2&3  
Early virological response 
(EVR) 
≥ 2 log reduction in HCV 
RNA level compared to 
baseline HCV RNA level 
(partial EVR) or HCV 
RNA negative at treatment 
week 12 (complete EVR) 
Predicts lack of SVR 
End-of-treatment response 
(ETR) 
HCV RNA negative by a 
sensitive test at the end of 
24 or 48 weeks of 
treatment 
 
Sustained virological 
response (SVR) 
HCV RNA negative 24 
weeks after cessation of 
treatment 
Best predictor of a long-term 
response to treatment 
Breakthrough 
Reappearance of HCV 
RNA in serum while still 
on therapy  
Relapse 
Reappearance of HCV 
RNA in serum after 
therapy is discontinued  
Nonresponder 
Failure to clear HCV RNA 
from serum after 24 weeks 
of therapy  
Null responder 
Failure to decrease HCV 
RNA by < 2 logs after 24 
week of therapy  
Partial responder 
Two log decrease in HCV 
RNA but still HCV RNA 
positive at week 24  
Published with permission. Copyright © 2009 American Association for the Study of Liver Diseases 
 
Among factors associated with SVR, the IL28B genotype and rapid virological 
response (RVR), the latter regardless of genotype or treatment regimen, have the 
strongest predictive value (125, 126). With the SOC regimen in genotype 1 patients, 
15-20% of patients were estimated to achieve RVR. For genotype 2 and 3 infections the 
percentage was shown to be 66% (127, 128) and these may be able to shorten duration 
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of treatment in case of low viral load at baseline. For genotype 1 non-cirrhotic patients 
who achieved RVR, a 24 week course therapy was recommended until 2011. The 
current recommendation for genotype 2- and 3-patients is 12-16 weeks of therapy in the 
presence of RVR and low viral load at baseline (125). Hence RVR is crucial to 
response-guided therapy.  
 
In pivotal clinical trials for SOC therapy, SVR rates of 42-46% have been reported in 
patients with genotype 1 infection and 76-82% in patients with genotype 2 or 3 
infections (29, 123, 129).  
 
1.8.3 Treatment in patients with cirrhosis 
Patients with liver cirrhosis constitute a group of patients with the most urgent need for 
eradication of HCV, but have at the same time been found to be the most difficult to 
treat. For previously untreated patients with fibrosis stage F3/F4, large randomised 
controlled trials (RCTs) have shown SVR rates of 10-16% lower than patients with less 
progressed fibrosis (29, 129, 130), the difference being largest in patients with genotype 
1 infection where 16% was seen (129). In cirrhotic patients with genotype 3, SVR was 
achieved in less than 50% and the risk of relapse was ten times higher than those with 
milder fibrosis (131). In previously treated patients, re-treatment with peg-IFN-α-2a 
and ribavirin comprising patients with >90% genotype 1 infection, SVR was achieved 
in only 9-10% (132). 
 
No studies so far have evaluated the optimal length of treatment in cirrhotic patients. 
The recommended length of treatment, regardless of genotype or previous treatment, is 
48 weeks. RVR was achieved only among 6% of F4 patients with genotype 1 after 
SOC treatment in a meta-analysis (133). However, RVR is not very predictive for SVR 
in these patients with a positive predictive value of 50%, so shortened therapy is not 
recommended, even if RVR is achieved. A shorter duration of treatment of 24 weeks 
may be considered for patients with genotype 3or especially 2, who attain RVR and 
present favorable demographic features (low BMI, young age, genotype CC on IL28-
B). Child-Pugh score class A (in genotype 1 cases only) and lower pre-transplantation 
viral loads are other positive predictors.  
 
Therapy-associated side effects with peg-IFN and ribavirin are more common in 
cirrhotics than those with milder fibrosis. Cytopenia with neutropenia was seen in 38% 
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in cirrhotics, compared to 6% among non-cirrhotics. The corresponding figures for 
anemia and thrombocytopenia were 35% versus 15% and 24% versus 17% (134). Due 
to the higher risk of cytopenias, patients with cirrhosis have to be monitored more 
frequently during treatment. Risk of infection was seen in approximately 1% of 
cirrhotics compared to <1% in non-cirrhotics.  
 
1.8.3.1 Treatment in patients with decompensated disease 
Child-Pugh class B patients with a score ≤9 and history of a decompensated event that 
has vanished after treatment are recommended to be offered antiviral therapy in 
specialised units with close collaboration with transplantation clinics (135). Child-Pugh 
class B and C patients have a lower chance of achieving SVR than those with Child-
Pugh class A. SVR rates of only 16% and 28% were observed in Child-Pugh class B 
patients with and without genotype 1 respectively (136). Generally, Child-Pugh class C 
patients are not considered for treatment because of the low probability of SVR and 
high risk of severe or fatal side effects. In Child-Pugh class B patients, the risk/benefit 
ratio should be assessed on a case by case basis (137) and treatment should especially 
be considered before transplantation, which in itself is the best treatment option in this 
population. Ribavirin-induced hemolytic anemia and interferon-induced neutropenia 
are reported to be one of the most common causes of antiviral dose 
reductions/withdrawal in patients with decompensated disease (135). 
 
1.8.3.2 The impact of SVR in patients with HCV-induced liver cirrhosis 
In patients with HCV-induced cirrhosis it has been found that achieving SVR reduces 
the risk of developing HCC, the annual risk being between 0.7-1.2% (138-141), 
although somewhat diverging results exist. Most studies have been of retrospective 
design, including relatively few patients, or have had short follow-up periods (142, 
143). However, it has been found that SVR improves overall survival and reduces the 
incidence of other components of liver-related morbidity and mortality (i.e., hepatic 
decompensation, and liver-related death or liver transplantation) when compared to 
nonresponders (138, 142, 144). 
 
It has also been shown that SOC therapy reduces incidence and progression of 
cirrhosis, especially if SVR is achieved and in these cases even cirrhosis reversal seems 
possible (99, 145, 146). 
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1.8.4 Introduction of first generation protease inhibitors  
During the past decade efforts have been made to develop different compounds with 
antiviral activity against HCV genotype 1, called direct acting antiviral agents (DAAs) 
(147). Two HCV NS3/4A protease inhibitors called boceprevir and telaprevir have 
completed a clinical development programme and have been introduced as part of a 
standard triple therapy with peg-IFN-α and ribavirin in Europe, USA and other 
countries in the fall of 2011 (126), i.e. after inclusion of patients in the studies of this 
thesis. So far, these two agents have not been compared in any randomised study. For 
previously untreated patients, studies have shown SVR rates of 75% for telaprevir and 
63-66% for boceprevir (30, 31, 148). The principal side-effect of boceprevir is anemia, 
while treatment with telaprevir has been associated with mild to severe skin rash (149). 
 
At the moment there are limited data on using DAAs in patients with non-genotype 1 
and these agents are not recommended in these groups of patients. 
 
The addition of DAAs has resulted in a higher achievement of SVR and made possible 
a shorter duration of treatment in non-cirrhotic patients. The duration of treatment of 
patients with cirrhosis is still 48 weeks of therapy. Furthermore, DAAs also have to be 
developed for the other HCV genotypes (150). 
 
There is currently somewhat limited data on using first generation protease inhibitors as 
part of triple regimen in cirrhotic patients with genotype 1 infection from registration 
trials, due to the rather small proportion of included patients with cirrhosis. However, it 
has been seen that the addition of boceprevir or telaprevir to standard treatment with 
peg-IFN and ribavirin increased SVR rates in patients with severe fibrosis or cirrhosis. 
In naïve patients with fibrosis stage F3/F4, SVR rates of 52-63% were seen. In 
treatment-experienced patients, SVR rates were 83-84% for relapsers, 34-46% for 
partial responders and 14% for null responders (30, 31, 148, 151, 152). Hence, the 
benefits of using protease inhibitors versus standard treatment were maintained also in 
cirrhotic patients. However, a higher relapse rate and more frequent side effects, mainly 
anemia, were seen in patients with cirrhosis compared with those without. There are no 
data on the efficacy of the triple regimen in patients with decompensated cirrhosis 
(137). The current recommendation as from 2011 concerning cirrhotic genotype 1 
patients when using telaprevir is 12 weeks of triple treatment followed by 36 weeks 
with peg IFN-2a and ribavirin. When using boceprevir, a 4 week lead-in (using only 
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peg-IFN and ribavirin) is recommended, followed by 44 weeks of triple treatment. No 
response-guided therapy is available for cirrhotic patients and 48 weeks of therapy is 
thus needed.  
 
1.9 HEPATOCELLULAR CARCINOMA 
Hepatocellular carcinoma (HCC) is a major cause of morbidity and mortality: HCC is 
the seventh most common cancer worldwide and the third leading cause of cancer-
related deaths (153). Together, chronic HBV and HCV infections account for around 
75% of all HCCs worldwide. Over 80% of HCCs occur in developing countries. High 
incidence rates are found in sub-Saharan Africa, Southeast Asia, and East Asia 
(including Mongolia), where the prevalence of HBV and HCV infections usually are 
high (153). HCV has been the dominant viral cause of HCC in North America, some 
Western countries and Japan (154). The risk of HCC in patients with HCV mainly 
depends on the degree of fibrosis. It has been estimated that of all HCCs, 80–90% 
develop in a cirrhotic liver (155). The strongest and the most common known risk 
factor for HCC is cirrhosis (156). The annual risk of HCC in untreated patients with 
HCV-induced liver cirrhosis is estimated to be 0.5-5% in the Western world (157) and 
in Japan as high as 7.9% (158).  
 
To the present day, molecular mechanisms underlying HCC development are not clear 
(159, 160). It has not been possible to correlate specific changes in gene expression 
patterns with HCC development. Hepatocarcinogenesis can be described as an 
interaction between chronic inflammation, steatosis, fibrosis and oxidative stress and 
the damages they cause. Also, HCV proteins have been associated with causing direct 
oncogenic effects (161). In cirrhosis, the decreased liver reserve may increase 
accumulation of toxic metabolites, which could possibly increase the risk of HCC 
(162). Also, the cirrhotic liver is associated with telomere shortening, which in turn 
may lead to chromosomal instability and deletion of checkpoints (163). The 
development of HCC in a cirrhotic liver is believed to occur either as de novo 
hepatocarcinogenesis or through a multistep pathway that starts from a dysplastic focus 
arising within a regenerative nodule to early HCC and then finally progressed HCC 
(164).  
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1.9.1 Risk factors of hepatocellular carcinoma 
It has been shown that host and environmental factors appear to be more important than 
viral factors in determining the progression of liver disease to cirrhosis and HCC in 
HCV-infected patients. These factors include: older age at diagnosis (>55 years: 2- to 
4-fold increased risk) (165, 166), duration of infection (167), male sex (2- to 3-fold 
increased risk) (115), severity of liver disease at presentation, co-morbidities such as 
porphyria cutanea tarda (168), heavy alcohol intake (168-171), diabetes mellitus (172, 
173), steatosis (174, 175), obesity (173, 176) and co-infections, especially with HBV 
(177, 178). Also, slightly elevated serum bilirubin levels, decreased platelet counts and 
manifestations of liver disease in the skin, such as vascular spiders and/or palmar 
erythema, have been associated with the HCC risk (177, 178). In addition, specific 
human leukocyte antigen (HLA) class II alleles have been correlated with the 
progression of chronic hepatitis C to decompensated cirrhosis or HCC (165). 
 
1.9.2 Surveillance for hepatocellular carcinoma with ultrasound 
As previously described, the risk of HCC in patients with chronic hepatitis C is highest. 
It has been best studied in patients who have established cirrhosis (112, 167, 178, 179), 
in whom the incidence of HCC is between 0.5-8% per year(157, 180). The current 
understanding is that all patients with CHC and cirrhosis should undergo surveillance 
for HCC. The radiological test most widely used for screening and surveillance is 
ultrasonography (US) with a proposed interval of 6-12 months. In the 1990s, contrast 
enhanced (CE) US technologies were introduced. CEUS can accurately differentiate 
between benign and malignant liver tumours and is recognised as a screening or 
surveillance technique for HCC. Contrast agents are well tolerated after being 
intravenously injected in patients and carry very few contraindications. They consist of 
gas-filled microbubbles which remain within the vascular compartment and cannot 
move through the vascular endothelium into the interstitium, wherefore they are true 
blood pool agents. The microbubbles will remain in the circulation for some minutes, 
after which they will dissolve with the gas being exhaled and the shell metabolised by 
the liver to a large extent. An US wave will cause the microbubbles to respond by 
oscillating and produce a returning signal, called echo (181). The ability to bounce an 
echo is defined as echogenicity.  The first-generation contrast agent (e.g. Levovist®) is 
useful for high mechanical index imaging and the second-generation agent (e.g. 
SonoVue®, Sonazoid® and Definity®) for low mechanical index imaging and 
vascularity assessment (182). The phases of contrast enhancement include: arterial (10-
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35 s after injection), portal (30-120 s) and late parenchymal (>120 s) (181, 183). In a 
simplified manner it could be said that the arterial phase is useful for predicting the 
histology of a lesion, while the late phase helps distinguishing between its benign or 
malignant character (181, 184), (Figure 5). This is especially valid for larger lesions. 
The enhancement pattern of the lesion (hypo-, hyper- or iso-echoic) is compared to the 
adjacent liver parenchyma during these phases and evaluated in CEUS characterisation 
(185). 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5. The three vascular phases of contrast enhancement in the liver 
 
The radiological hallmark of hepatocellular carcinoma (HCC) is the phenomenon of 
arterial vascularity and venous washout (186, 187). It has been reported that >90% of 
HCCs enhance during the arterial phase and the majority, 83-97%, wash out the 
contrast in the late phase (181). Hence, a majority of HCCs will be appearing as 
hyperenhancing nodules in the arterial phase and hypoechoic in the late phase. 
 
Serum AFP concentration has been the most commonly used marker for HCC, but due 
to its low sensitivity it is no longer generally recommended for surveillance (180, 188). 
 
A diagnostic algorithm for suspected HCC has been elaborated by The American 
Association for the Study of Liver Diseases (AASLD) in 2010 (189), (Figure 6). 
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Figure 6. Diagnostic algorithm for suspected HCC. CT, computed tomography; MDCT, multidetector 
CT; MRI, magnetic resonance imaging; US, ultrasound (189).  Copyright© 2011 American Association for the 
Study of Liver Diseases 
 
1.9.3 Treatment of hepatocellular carcinoma 
The Barcelona Clinic Liver Cancer (BCLC) has elaborated a staging and treatment 
strategy for HCC which is widely recognised and endorsed (Figure 7) (180, 190-192). 
The prognostic factors it includes are related to tumour status, liver function and 
general health status. This staging system suggests that curative treatment (resection, 
liver transplantation or percutaneous local ablative treatment) is appropriate for patients 
with very early (stage 0) and early (stage A) HCCs. Transarterial chemoembolization 
(TACE) is chosen for patients with intermediate (stage B) HCC, whereas chemotherapy 
with sorafenib is selected for patients with advanced (stage C) HCC. Best supportive 
care is recommended for patients with terminal (stage D) HCC. 
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Figure 7. Barcelona Clinic Liver Cancer (BCLC) staging and treatment strategy for HCC (190). By 
permission of Journal of the National Cancer Institute. 
PST=performance status test, CLT =cadaveric liver transplantation, LDLT=living donor liver transplantation, PEI=percutaneous 
ethanol injection, RF=radio frequency, TACE=transarterial chemoembolization.  
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2 AIMS OF THE STUDY 
 
1. To investigate whether diagnostic confidence is improved by using a second-
generation US contrast agent in a surveillance programme for HCC in patients 
with HCV-induced liver cirrhosis (Paper I) 
 
 
2. To analyse the efficacy and tolerability of combination therapy in patients with 
Child-Pugh class A liver cirrhosis (Paper II) 
 
 
3. To evaluate the long-term impact of SVR on the risk to develop HCC, liver 
complications and death in patients with HCV-induced liver cirrhosis  
(Paper III) 
 
 
4. To investigate whether there is an association between TCPTP cleavage, levels 
of the HCV NS3 protein in liver biopsies and clinical parameters in patients 
with chronic HCV infection (Paper IV) 
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3 MATERIAL AND METHODS  
 
3.1 PATIENTS  
Patients included in the studies were recruited from the Department of 
Gastroenterology and Hepatology (study I-IV) and the Department of Infectious 
Diseases at Karolinska University Hospital (study II, III), Malmö and Lund University 
Hospitals, Sahlgrenska and Uppsala University hospitals (study III). Data of medical 
history, physical examination, biochemical tests and virological data were retrieved 
from patient journals and stored in a central database at the Department of 
Gastroenterology and Hepatology, Karolinska University Hospital, Sweden. All 
patients tested positive for anti-HCV antibodies and HCV RNA. For study I-III, the 
patients had a diagnosis of HCV-related cirrhosis based on liver biopsies from 1984 
and onwards or a clinical evaluation involving biochemical parameters, clinical signs of 
portal hypertension and/or radiological findings consistent with cirrhosis. Alcohol 
consumption was categorized as <50 g/day or > 50 g/day (study I, III). In study IV, 
high alcohol consumption was defined as ≥50 g/day for males and ≥40g/day for 
females.  Figure 8 shows the concurrently included patients in studies I-IV and Table 6 
summarises the number of patients included in each study and the inclusion and 
exclusion criteria applied. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 8. The concurrently included patients in study I-IV in this thesis. 
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Table 6. Inclusion and exclusion criteria applied to the patients in study I-IV. 
Study N Inclusion Exclusion 
I 49 1. HCV induced liver cirrhosis 
2. At least one combined 
ultrasound with contrast at 
surveillance 
3. Years 2002-2004  
1. Prior or present HCC at 
ultrasound investigation 
II 104 1. HCV-induced liver cirrhosis 
2. Child-Pugh class A  
3. At least one dose of peg-IFN 
and RBV treatment 
3. Years 1999-2005 
1. Prior ascites or 
encephalopathy 
2. Transplanted patients 
3. Renal disease  
III 351 1. HCV-induced liver cirrhosis 
2. Child-Pugh class A  
3. Years 2001-2009 
1. Prior ascites, variceal bleeding 
or encephalopathy 
2. Patients with lack of Child-
Pugh class at inclusion 
3. Patients with co-morbidities 
(HBV, HIV, hemochromatosis 
or AIH) 
4. Patients with HCC or liver 
transplant at baseline/6 months 
after diagnosis of cirrhosis 
IV 69 1. Patients with HCV-infection 
undergoing liver biopsies  
2. Years 2006-2007 
 
HCV: hepatitis C, HCC: hepatocellular carcinoma, peg-IFN: pegylated interferon, RBV: ribavirin, HBV: 
hepatitis B, HIV: human immunodeficiency virus, AIH: autoimmune hepatitis. 
 
For study IV, liver biopsies were used from 69 HCV-infected patients attending the 
Department of Gastroenterology, Karolinska University Hospital Solna. The patients 
underwent the liver biopsy as part of the clinical follow-up for their HCV infection 
between the years 2006-7. Four patients had liver cirrhosis. As negative controls for 
NS3 detection, biopsies were used from non-HCV-infected patients who had 
undergone liver biopsy for other diagnostic purposes during the same time period. The 
patients’ consent for use of the biopsy for research purposes was retrieved after both 
oral and written information. Demographic data of the HCV-infected patients were 
retrieved from patient journals around the time of the performed liver biopsy.  
 
3.2 OBTAINING DATA FROM NATIONAL REGISTRIES (STUDY I, III) 
For studies I and III, data on the patients were retrieved from various National Swedish 
Registries. All Swedish residents are assigned a 10-digit personal identification number 
that is used in all contacts with the health care system. Reporting all newly diagnosed 
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malignant tumours to the Cancer Registry became mandatory in 1958 for both 
clinicians and pathologists and the Registry contains more than 95% of all detected 
tumours along with the date of diagnosis by two caregivers (study III). The Swedish 
Registry of Causes of Death contains information of  ≥99,5% of all deceased persons in 
the country since 1997, including the date and cause of death (study I, III). The Swedish 
National Patient (Inpatient Registry) contains information about all residents who are 
hospitalized, including dates of admission and discharge, surgical procedures 
performed and diagnosis at discharge for as many as 8 medical conditions according to 
the International Statistical Classification of Diseases and Related Health Problems 
(ICD) (study III). The completeness since 1987 is estimated to be 98-99%. Figure 9 
summarises how the national registries were used in the studies. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 9. National registries used in study I and III for patients who were no longer followed up at their  
respective clinic. 
 
3.3 IMAGING STUDIES (STUDY I) 
The conventional US examinations in this study were all followed by a contrast-
enhanced examination. The patients were examined with an Acuson Sequoia platform 
(Siemens Acuson, Mountain View, Calif., USA) at the Department of Diagnostic 
Radiology, Karolinska University Hospital Solna. The mechanical index (MI) ranged 
between 0.14 and 0.30. A convex array probe (4C1) at 3 MHz was used with Sequoia 
CPS software for contrast-enhanced examinations. Each examination with US 
immediately followed by contrast enhancement was performed by the same radiologist. 
Grayscale US scanning was performed using tissue harmonic and compound US 
imaging examinations. By enhancing examinations, the use of contrast medium made 
possible the evaluation of vascularity of focal lesions, whether being detected or not on 
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baseline examinations. When detecting a focal liver lesion, size, echogenicity and 
localization were determined and a diagnosis was made. After the baseline US imaging, 
2.4 ml SonoVue was injected in a peripheral or central vein as a bolus, followed by a 
flush of 5 ml saline solution. This was immediately followed by a new investigation. 
The two pre- and post-contrast examinations of the same patient were then compared. 
 
3.4 IMMUNOPRECIPITATION (IP) AND WESTERN BLOT (WB) 
ANALYSES (STUDY IV) 
The obtained liver biopsies from chronically HCV-infected or control patients (as 
described in section 3.1) were homogenised and analysed by immunoprecipitation and 
then western blot (NS3) or only by western blot (TCPTP and GAPDH). In brief, 5 mg 
of each biopsy was lysed in 1 ml buffer (150 mM NaCl, 50 mM Tris/HCl pH 7.4, 1% 
Triton-X 100, 1% Na-deoxycholate, 1% sodium dodecyl sulphate (SDS), 0.2 mM 
phenylmethylsulfonyl fluoride, 0.5 mM dithiothreitol and 1 mM Na3VO4), 
homogenised and sonicated twice for 30 seconds. For NS3 detection, protein A 
sepharose and anti-NS3 mouse polyclonal antibody (HCV genotype 1, in-house 
produced) were added and incubated overnight at 4˚C. The washed pellets were re-
suspended in SDS sample buffer, heated at 98˚C for 5 minutes prior to SDS-PAGE on 
4-12% Bis-Tris gels (Invitrogen, Paisley, UK) and transferred to Nitrocellulose 
membranes. Non-specific binding was blocked with 5% (w/v) non-fat dry milk powder 
in phosphate buffered saline (PBS)-T (20 mM Tris/HCl pH 7.4, 137 mM NaCl, and 
0.05% Tween) or 5% bovine serum albumin (BSA) for 1 hour at room temperature. 
The blots were incubated overnight in PBS-T supplemented with primary antibodies. 
After extensive rinsing with PBS-T, blots were incubated with secondary antibody 
(goat anti-mouse IgG) conjugated to horseradish peroxidase for 1 hour (Dako, 
Glostrup, Denmark). After further rinsing in PBS-T, the immunoblots were developed 
with the enhanced chemiluminescence system (ECL; PerkinElmer, Shelton, CT, USA) 
following the manufacturer’s instructions. NS3 was detected by using the anti-NS3 
mouse polyclonal antibody. As positive controls, we used lysates from HepG2 cells 
transfected with plasmids coding for NS3/4A. As negative controls, homogenates of 
liver biopsies from non-HCV-infected patients were used, as decribed in section 3.1. 
For TCPTP and GAPDH detection, 30-40 µg of protein/lane were used for SDS-PAGE 
analysis. Protein concentration was estimated by using the BioRad protein assay. 
Antibodies against TCPTP and GAPDH were obtained from R&D Systems 
(Minneapolis, MN, USA) and Biodesign (Saco, ME, USA), respectively.  
 30 
3.5 STATISTICS 
3.5.1 Study II 
For non-parametric group analyses, the x² test was used. By using x² and 
Student’s T-test, predictive factors of SVR were assessed. The variable was 
further analysed by multivariate logistic regression analysis, if the p-value was 
less than 0.1 in univariate analysis. A p-value was considered significant if less 
than 0.05. The odds ratios (ORs) as well as the associated 95% confidence 
intervals (CIs) were calculated. The statistical package SPSS (SPSS Inc., 
Chicago, Ill., USA) was used for performing all calculations.  
 
3.5.2 Study III 
Student’s T-test and Chi-square test were used. The incidence of HCC, liver-
related complications (ascites, variceal bleeding or encephalopathy) and 
disease-free survival in relation to SVR-status was estimated as the number of 
events occurring during non-SVR time and SVR-time divided by the 
corresponding person time at risk in the two groups. Cox regression was used to 
analyse the effect of SVR. Calendar time since January 1, 2001 was used as the 
time scale and SVR was considered as a time-dependent covariate. Models 
were also adjusted for alcohol consumption, age and diabetes. The hazard ratios 
together with 95% CIs presented were estimated by using the profile likelihood 
method. Survival curves with respect to SVR-status were estimated from the 
cumulative hazard functions for SVR and non-SVR follow-up time obtained 
from the Cox regression models and significant differences were assessed by 
testing HR=1 using Wald’s tests. All tests were two-sided and considered 
statistically significant if the p-value was less than 0.05. The software 
programme SAS 9.2 (Cary, NC, USA) was used to perform data analysis. 
 
3.5.3 Study IV 
A densitometrical analysis of the bands obtained through western blot analysis was 
performed by using Image J. By using the Mann-Whitney U test by aid of the 
InStat 3 software, the values for each group were compared. The correlations after 
the Spearman’s approach were determined by using the GraphPad Prism software. 
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4 STUDY RESULTS 
 
4.1 CEUS IMPROVES DIAGNOSTIC CONFIDENCE (STUDY I) 
In total, 96 combined US and CEUS examinations of 49 patients with HCV-associated 
liver cirrhosis were analysed using second generation contrast agent SonoVue®. 
Diagnoses before and after use of contrast and the number of changed diagnoses are 
shown in Figure 10. It was shown that the number of patients with diagnosed malignant 
liver lesions increased from 1 to 10 cases after use of contrast medium.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 10. Ninety-six ultrasonography examinations before and after use of contrast agent in patients 
with HCV-associated liver cirrhosis. The diagnoses are shown with the number of findings. Boxes 
containing italicized numbers show the number of changed diagnoses. 
 
For patients diagnosed with HCC, diagnoses were confirmed by either MRI (n=4) or 
CT (n=5) in all cases but one. This patient died within 1 month after diagnosis due to 
liver failure. The mean number of lesions detected was 2 ±2.3 (median 1, range 1-8) 
and the mean size of the lesions was 3.2±1.4 (median 2.4, range 1.5-5.5) cm. The mean 
alpha-fetoprotein level at time of diagnosis of malignancy was 64 (range 1.8-1384, 
reference limit <10 ng/ml). Eight patients with detected malignant lesions died within a 
mean of 8.1 ±6.7 months after they received their diagnosis. In the great majority of 
patients the causes of death were liver failure/malignancy (n=7). One patient died of 
sudden cardiac arrest. In the group without diagnosed malignant lesions (n=39) at 
CEUS, seven patients died. The causes of death were liver failure (n=5) and cerebral 
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hemorrhage (n=2). These patients had not presented any clinical or laboratorial signs of 
HCC during the follow-up period which was at least 12 months for each patient. 
 
4.2 LOWER SVR RATES IN A CLINICAL SETTING (STUDY II) 
The virological response and adverse events were retrospectively analysed in 104 
patients with HCV-associated Child-Pugh Class A liver cirrhosis, who had been treated 
with peg-IFN and ribavirin. Four patients were lost to follow up and excluded from the 
response analyses. Overall, sustained virological response (SVR) was achieved in 24% 
of all patients. The virological response rates according to genotype are summarised in 
Figure 11, with the SVR rates being 13% for genotype 1-, 60% for genotype 2-, and 
31% for genotype-3 infected patients. IFN-experienced patients achieved SVR to a 
lesser extent than IFN-naïve patients, with rates of 14% versus 31%, but the difference 
was not statistically significant. The only variable at baseline significantly associated 
with SVR was genotype, where genotype 1 indicated a lower SVR rate (p=0.001, OR: 
9.1, 95% CI: 2.5-33) and genotype 2 infection a higher rate (p=0.04, OR: 3.6, 95% CI: 
1.1-11.8).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 11. Virological responses after combination therapy with pegylated interferon and ribavirin in 
patients with chronic hepatitis C and Child-Pugh A class liver cirrhosis. All patients with genotype 1, 2, 
or 3 (n=97). Abbreviations: IFN=interferon; EVR=early virological response; ETR=end of treatment response; SVR=sustained 
virological response. 
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In patients where baseline HCV-RNA levels were below 800,000 IU/ml, 31% achieved 
SVR versus 17% in patients exhibiting levels above that limit. Table 7 states the SVR 
rates according to treatment adherence. In IFN-naïve patients with complete treatment 
course, the SVR was only 33% for genotype 1 patients, while the corresponding SVR 
rate was 80% for genotype 2/3 patients. In 46% of patients, treatment was discontinued 
prematurely owing to a lack of virological response in the majority. There was no 
significant difference between IFN-naïve and IFN-experienced patients in this regard. 
The most frequent reason for early cessation of treatment was reported to be lack of 
virological response, which was noted in 21%. In 15%, the reasons were other, 
classified as mild to moderately severe adverse events. These included fatigue, myalgia, 
headache, pyrexia, weight loss, nausea, diarrhoea, vertigo, irritability, abdominal pain, 
light sensitivity, pruritus, exacerbation of psoriasis, insomnia and depression. In 6%, 
discontinuation of treatment was caused by cytopenia. Seven patients (7%) developed 
infections during treatment. However, none of them had infection related to leukopenia 
or neutropenia, except for one patient with lower urinary tract infection at a neutrophil 
count of 0.7-1.1 x 109/l. Significant bleedings occurred in 3 patients, in which one had a 
peptic ulcer and variceal bleeding at a thrombocyte level of 43 x 109/l. The two other 
cases were not related to thrombocytopenia. The number of patients treated with 
reduced drug dose/s as a result of anemia, leukopenia, neutropenia and 
thrombocytopenia was, 16%, 3%, 10% and 15% respectively. HCC was detected in 2% 
and diagnosed at treatment week 26 and 39, respectively. Regarding hepatic 
decompensations during treatment, 4% developed ascites, one patient had variceal 
bleeding but none developed hepatic encephalopathy. During treatment, 1.9% of the 
patients died, the causes of death being HCC and heart disease. 
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Table 7. Sustained virological response (SVR) rates according to treatment adherence. The number and 
percentage of patients with SVR (%) are shown.  
 Complete treatment 
coursea 
Full treatment 
durationb 
Incomplete 
treatmentc 
All    
    SVR gt 1 3/11 (27%) 2/10 (20%) 2/35 (3%) 
    SVR gt 2/3 9/16 (56%) 3/11 (27%) 5/14 (36%) 
INF-naive    
    SVR gt 1 3/9  (33%) 1/5 (20%)  1/24 (4%) 
    SVR gt2/3 8/10 (80%) 2/7 (29%) 4/7 (57%) 
INF-experienced    
    SVR gt 1 0/2 (0%) 1/5 (20%) 1/11 (9%) 
    SVR gt2/3 1/6 (17%) 1/4 (20%) 1/7 (14%) 
a Full treatment duration and maintained drug doses. b Full duration, but reduced drug doses.        
c Truncated duration and reduced drug doses. 
 
 
4.3 SVR REDUCES, BUT DOES NOT ELIMINATE THE RISK OF HCC 
(STUDY III) 
351 patients with compensated Child-Pugh class A liver cirrhosis were followed for 
long-term outcomes up to 8.6 years to evaluate the effect of SVR on the risks of HCC, 
liver-related complications and death. The patients were divided into SVR (n=110) and 
non-SVR (n=241) groups. The results are summarised in Table 8. Six (5%) of the 
patients who had achieved SVR developed HCC during the follow-up period, 
corresponding to an incidence of 1.0/100 person-years, compared to 40 (17%) in the 
non-SVR group, corresponding to an incidence of 1.9/100 person-years. The incidence 
of HCC was found to be significantly lower in patients with SVR than those with non-
SVR with a hazard ratio of 0.41 (CI 0.16-0.91).  The cumulative risk of developing 
HCC was also significantly lower in the first group (p=0.04). 
 
 In patients achieving SVR, one patient was diagnosed with HCC within a period of 
one month after SVR. The other five patients who developed HCC were diagnosed at 
1.6, 2.4, 4.3, 7.4, 7.4 and 7.6 years after achievement of SVR. Five were males, one had 
a history of heavy alcohol consumption and three had diabetes mellitus. 
 
 The risk of developing liver-related complications was significantly lower in patients 
with SVR than non-SVR (p=0.002). Four (3.6%) patients developed ascites after 
achievement of SVR. The diagnosis of ascites was made at 2, 13, 13, 48 months after 
achieving SVR. None of the patients developed variceal bleeding. Only one patient 
with SVR developed hepatic encephalopathy and this was seen at 4.1 years after SVR. 
   35 
This patient had not developed ascites, variceal bleeding or HCC during the follow up 
period. 
 
Finally, it was seen that the relative risks for liver-related death and death of any cause 
were lower in patients with SVR than non-SVR with a hazard ratio of 0.21 (CI 0.06-
0.51) and 0.46 (CI 0.23-0.82) respectively. The cumulative risks for liver-related death 
and overall death were significantly lower in patients with SVR versus non-SVR 
(p=0.03 and p=0.01, respectively). Eleven (10%) of patients having achieved SVR died 
during the follow-up period, among which four of liver-related causes. One patient with 
SVR underwent liver transplantation due to HCC. 
 
Table 8. The incidences of HCC, liver complication, liver-related and all death per 100 person-years are 
shown in patients with and without sustained virological response (SVR). Hazard ratio (HR) between 
these groups and 95% confidence interval (CI) are shown. 
 
 
 
 
Endpoint 
 
SVR  
n=110 
 
Non-SVR 
n= 241 
 
 
 
 
HR 
         
 
 
 
(95% CI) Events 
(n) 
Person-
years 
Rate Events 
(n) 
Person-
years 
Rate 
HCC 6 589 1.0 40 2139 1.9 0.41 (0.16-0.91) 
Any complication 5 583 0.9 52 2089 2.5 0.25 (0.09-0.57) 
   Ascites 4 583 0.7 42 2076 2.0 0.25 (0.08-0.63) 
   Variceal bleeding 0 595 0.0 14 2135 0.7 0.00  (0.00-0.37) 
   Encephalopathy 1 594 0.2 9 2146 0.4 0.26 (0.01-1.41) 
Liver-related death 4 595 0.7 52 2157 2.4 0.21 (0.06-0.51) 
All death 11 595 1.8 67 2157 3.1 0.46 (0.23-0.83) 
 
 
4.4 NS3 EXPRESSION AND HCV RNA LEVELS ARE INVERSELY 
CORRELATED WITH TCPTP LEVELS (STUDY IV) 
Liver biopsies from 69 patients with chronic HCV and 16 control patients were 
analysed to determine hepatic NS3 (Figure 12) and TCPTP protein levels, which were 
then correlated to viral load or clinical parameters for severity of liver disease.  
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Figure 12. Detection of intrahepatic NS3 protein in liver biopsies from HCV-infected patients. Liver 
lysates from HCV-infected patients, as well as a positive (lysates from HepG2 cells transfected with 
plasmids coding for NS3/4A) and a negative (homogenates of liver biopsies from non-HCV-infected 
patients) control sample, were analysed for NS3 by immunoprecipitation followed by western blot. A 
representative example is shown. 
 
NS3 was detected in 31 of 69 liver samples (44.9%), and was more commonly detected 
in patients infected with the HCV genotype 1 than in those with non-1 genotypes 
(56.8% versus 28.6%). Detection of NS3 was not significantly associated to liver injury 
(measured as mean serum levels of alanine aminotransferase (ALT), aspartate 
aminotransferase (AST) and alkaline phosphatase (ALP) at the time of biopsy), liver 
inflammation or fibrosis stage. Patients with detectable NS3 had mean HCV RNA 
levels of 3.81 x 106 IU/ml (±4.94 x106 IU/ml) as compared to 1.38 x 106 IU/ml (±2.92 
x 106 IU/ml) in patients without detectable NS3, showing a trend towards higher viral 
load in patients with detectable NS3 (p=0.0508; Mann Whitney U test). NS3 expression 
levels analysed with densitometry showed a significant correlation to the viral load of 
the respective patients (Spearman r of 0.638 and p = 0.0008).  
 
TCPTP levels were determined in liver biopsies from 16 NS3-positive HCV patients 
and 16 controls. TCPTP was found to be significantly lower in HCV patients compared 
to control patients. Further, a significant inverse correlation was found between TCPTP 
and NS3 protein levels (Spearman r of – 0.571 and p = 0.021) (Figure 13 a). Also, an 
inverse correlation was found between intrahepatic TCPTP levels and viral load 
(Spearman r of – 0.741 and p = 0.008) (Figure 13 b). A trend of NS3-positivity was 
seen in patients with a history of high alcohol consumption (p=0.070; Mann Whitney U 
test). 
 
   37 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 13. Correlation of intrahepatic TCPTP levels with intrahepatic NS3 levels and viral load. 
(A) Correlation of TCPTP and NS3 levels in liver biopsies from chronically HCV-infected patients. Total 
protein extracts were prepared from liver biopsies and analysed by western blot for TCPTP and GAPDH 
(loading control). The relative TCPTP protein levels represent the ratio of the net intensity of the TCPTP 
band and the GAPDH band. NS3 protein expression was analysed by immunoprecipitation followed by 
western blot. The relative NS3 protein levels represent the ratio of the net intensity of the NS3 band and 
the light IgG chain band. (B) Correlation of HCV viral load and the relative intrahepatic TCPTP protein 
levels in chronically HCV-infected patients. 
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5 DISCUSSION 
 
Understanding how the HCV establishes a chronic infection and its mechanisms in 
achieving a progressive advanced liver disease have been of major importance. With 
the discovery of the HCV just over two decades ago, CHC infection is now the leading 
cause of chronic liver disease worldwide and of liver transplantation in the Western 
world. The aim of this thesis was to study the clinical and molecular features associated 
with CHC infection, especially in those with advanced liver disease.  
 
5.1 THE ROLE OF CEUS IN DETECTING MALIGNANT LESIONS AT 
SURVEILLANCE  
In study I we found that the use of CEUS improves detection of HCC and diagnostic 
confidence in characterising focal liver lesions in patients with HCV-induced liver 
cirrhosis. This study is of retrospective design with relatively few patients included. 
However, to our knowledge, it presents the first data to be published on the role of 
CEUS in surveillance of patients with HCV-associated liver cirrhosis. The differences 
between US and CEUS for detection and characterisation of liver lesions shown in our 
study are supported by results from other published studies with different populations 
and study settings (193, 194).  
 
Due to the approximate 100 times increased risk of developing HCC in patients with 
HCV-induced cirrhosis (181) and curative treatment being appropriate for early stages 
of HCC only, it is of critical importance to detect HCC early on. The 5-year survival 
rate of cirrhotic patients with a small HCC lesion (<2 cm) is about 80% after 
transplantation. This is in stark contrast with the 5-year survival rate of untreated 
symptomatic HCC which has been reported to be <5% (195). The objective of 
surveillance is to identify HCC at a stage when cure is highly likely, i.e. early lesions of 
HCC which are identified as small lesions in the liver. Our study showed that the mean 
size of the detected lesions was 3.2±1.4 (median 2.4, range 1.5-5.5) cm. It has 
previously been shown that CEUS has shown a higher capability of characterising focal 
liver lesions sized 2.1-3.0 cm and less capability in lesions <2 cm (194). This could be 
explained by the finding that 17% of HCCs sized between 1.0-2.0 cm were 
hypoenhancing during the arterial phase compared to 100% of HCCs sized 2.1-3.0 cm 
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being hyperenhancing (196). As also concluded in our study, the higher sensitivity of 
CEUS seems to be dependent on vascularization. 
  
The current understanding is that HCC can develop from regenerative noduli (benign 
lesions frequently detected in cirrhosis), over dysplastic nodules (premalignant 
dysplasia), to early well-differentiated HCC and ultimately to undifferentiated HCC. 
When using CEUS, small lesions, apart from being small HCCs, could also be 
regenerative nodules or dysplastic nodules and the challenge is to distinguish these 
between possibilities. Early HCCs, also known as vaguely nodular HCCs (197, 198), 
are the most difficult to diagnose as they lack typical radiological appearances and are 
hypovascular unlike classical HCCs (199). Also, they may not show washout very 
reliably and be isoechoic in the parenchymal phase. A study reported washout in only 
50% in well-differentiated hypervascular tumours (200). A patient illustrative of this 
was noted in our study; after use of contrast, a 1.5-cm hyperenhancing lesion with no 
washout was seen. The patient underwent a liver transplant and the diagnosis of HCC 
was verified. 
 
US carries many advantages as a screening tool. Firstly, it is non-invasive and secondly 
it is not associated with any radiation hazard. In addition, examinations can be done 
repeatedly, rapidly and at a low cost. The performance of US depends on the 
experience of the examiner, the technology used, the body habitus, the presence of 
cirrhosis and the size of the tumour (188). Introduction of second-generation US 
contrast media in the 1990s has transformed the characterisation of focal liver lesions. 
With its use, it is possible to visualise the enhancement characteristics in real time over 
a period of 5 minutes. Sensitivities and specificities have been reported to approach 
those of computed tomography (CT) and magnetic resonance imaging (MRI) (181). 
Contrast media are well tolerated and there are very few contraindications to their use. 
However, the use of these media carries a higher cost. Limitations associated with 
CEUS are those with conventional US, e.g. large body habitus, bowel gas and 
movement artifacts (201). Also, it has been shown that CEUS offers false-positive 
HCC diagnosis in patients with cholangiocarcinoma (202) and hence the technique is 
no longer used for diagnosing HCC. The current recommendations are that surveillance 
for HCC should be based on US examination, while diagnosis is based on one dynamic 
radiological procedure, either contrast-enhanced CT or MRI, including the detection of 
arterial hypervascularity and portal or delayed venous washout. When these features are 
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not present, either the contrast-enhanced examination or biopsy is recommended 
according to the AASLD (189).  
 
After a more extended analysis of patients with HCV-associated liver cirrhosis at 
Karolinska University Hospital, it was found that CEUS didn’t improve detection rate 
of HCC (personal communication, Dr Anna-Karin Siösteen). However, our study along 
with other subsequent studies, confirm the understanding that CEUS plays an important 
role in characterising focal liver lesions in patients with liver cirrhosis and increases 
diagnostic confidence (164, 203), also for small nodules between 1-2 cm (204). A 
prospective study performed in 2011 reported a sensitivity of 86-91% and specificity of 
96-100% in identifying HCC with CEUS in cirrhotic livers (164). Until the present day, 
further published data on using CEUS in surveillance programmes for patients with 
HCV-induced cirrhosis are lacking. To our knowledge, the systematic use of CEUS in 
surveillance of patients with HCV-induced cirrhosis has been applied at Karolinska 
University Hospital and some other clinics in Sweden.  
 
To conclude, patients with HCV-induced liver cirrhosis are at a large risk of developing 
HCC and surveillance programmes to detect HCC early on is of major importance. 
CEUS improves characterisation of focal liver lesions, although characterising early 
HCCs remains a challenge. Additional studies on the role of CEUS, as well as cost-
benefit analyses, in the surveillance programme of this group of patients are needed to 
further help elucidate its role in this context. 
 
5.2  SVR RATES AFTER STANDARD THERAPY IN A ¨REAL-LIFE” 
CLINICAL SETTING  
Once HCV has succeeded in establishing a persistent infection, chronic inflammation 
can lead to progressive liver fibrosis with liver cirrhosis as the end-stage liver disease. 
Due to the high risk of decompensation and HCC, patients with compensated cirrhosis 
(Child Pugh class A) are considered being prime candidates for treatment. However, 
it’s a known fact that SOC-treatment with peg-IFN and ribavirin is less effective in 
patients with liver cirrhosis than in non-cirrhotic patients (29). Also, side-effects during 
therapy are more frequent in cirrhotics. Anemia has been seen in 35% of patients with 
F4, compared to 15% in those with a milder fibrosis grade. Corresponding rates of 
neutropenia were 38% versus 6% and thrombocytopenia 24% versus 17% (134). Also, 
it should be mentioned that in the clinical reality, anemia due to bone marrow 
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suppression or hypersplenism often already exists in patients with Child-Pugh class A 
cirrhosis before start of treatment.  
 
In study II, the efficacy and tolerability of peg-IFN and ribavirin treatment during 
1999-2005 were analysed in patients with HCV-associated Child-Pugh class A liver 
cirrhosis in a ¨real-life¨ clinical setting. In RCTs, patients only with certain criteria are 
included with possible selection bias. In IFN-naïve patients, we found that SVR was 
achieved in only 13% of genotype 1-patients and 58% of genotype 2- or 3-patients. 
These rates were considerably lower than those of 41-44% for genotype 1 and 74% for 
non-genotype 1 reported in RCTs (29, 129, 130). We believe that there are several 
factors which can explain this discrepancy. Firstly, only a limited number of cirrhotic 
patients have been included in RCTs and these patients have often been grouped 
together with patients with advanced fibrosis, but not yet fully developed cirrhosis. 
Furthermore, the strict inclusion criteria employed in RCTs has led to the exclusion of a 
considerable number of patients with compensated liver cirrhosis. In addition, in trials 
only including patients with advanced fibrosis and cirrhosis, exclusion criteria owing to 
laboratory abnormalities have been applied.  
 
In our study, nearly half of the patients withdrew from treatment prematurely compared 
to 20% seen in RCTs (29, 129). The most common cause of withdrawal was lack of 
virological response, namely 21%, as compared to 6-9% seen in RCTs (29, 129, 130). 
This was probably caused by the frequent dose reductions of peg-IFN and/or ribavirin 
owing to fear of adverse events, which are known to be associated with lower SVR 
rates (205). The higher SVR rates seen for genotype 1-patients having completed the 
full treatment course or who received full treatment, being quite similar at 27% and 
20% respectively, support this. Fear of neutropenias and thrombocytopenias have 
previously been a common cause of dose reduction. There have been rules of how to 
reduce doses of peg-IFN or ribavirin, or end both drugs totally, at certain levels of 
cytopenia. In the beginning of the treatment era, these rules were strictly followed. 
Since our study included SOC treatments between years 1999-2005, clinicians have 
mainly followed these rules of dose reduction. However, data has emerged describing 
how neutropenia and thrombocytopenia during SOC treatment do not increase the risk 
of infection and bleeding respectively (206, 207). Consequently, in clinical practice, 
clinicians no longer strictly follow these dose reduction rules, but rather judge on a 
case-to-case basis. In our study, 7% of patients developed infections during treatment, 
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but none were related to leukopenia or neutropenia, except in one patient at a neutrophil 
level of 0.7-1.1 x 109/l. No deaths were seen related to infections. It is interesting to 
correlate these findings to the ones of a recent French study, which included patients 
with HCV-induced liver cirrhosis who had early access to treatment with first 
generation protease inhibitors in a real-life clinical setting. In an interim analysis with 
data after 16 weeks of therapy, four deaths (0.8%) due to infection were reported. Also, 
frequent adverse events were seen, ranging from 38 to 49% (208).  
 
Considering the abandonment of previous dose reduction routines, carrying out a 
similar study of SOC treatment today at 2012 would probably yield higher SVR rates. 
However, the rates would still not be very high, considering that genotype 1 cirrhotic 
patients with no reduction of doses and with full length of therapy achieved SVR at 
only 27% in our study. On the other hand, the improved SVR rates in genotype 1 
cirrhotics associated with the addition of first generation protease inhibitors would lead 
to substantially higher SVR rates today. Nevertheless, the rates would probably be 
lower than those in RCTs, even with these new drugs, according to the pattern seen in 
this study which reflects patients with more advanced cirrhosis receiving treatment in a 
real-life clinical situation without selection of adherent patients and with regular 
follow-ups only. 
 
5.3 RISKS FOR HCC, LIVER DECOMPENSATION AND DEATH AFTER 
SVR 
A 17-year cohort study of 214 patients with CHC revealed that HCC was the main 
cause of death (44%) and the first complication to develop in 27% of patients (101). 
Diverging results exist whether successful SOC treatment with achievement of SVR 
reduces the risk of developing HCC or not (138, 139, 142-144, 209, 210). These results 
have emerged from Western studies, which are further described in our manuscript. 
The reports have primarily been retrospective, consisting of relatively few cirrhotic 
patients and have often suffered from short follow-up periods. However, in meta-
analyses with pooled data from both Asian and Western studies, a reduced risk of HCC, 
liver-related morbidity and mortality was seen in patients with SVR (140, 211).  
 
In study III, we followed 351 HCV-infected patients with compensated Child-Pugh 
class A liver cirrhosis up to 8.6 years and analysed the long-term outcomes. This study 
carries several strengths. Firstly, the study was of prospective design and, in 
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comparison to previous studies, it comprised a rather large number of patients (n=351), 
who were followed up long-term. The frequent problem of loss of patients in previous 
studies, being reported between 10-22% (139, 144), could be avoided due to the use of 
Swedish national registries together with routine clinical follow-ups. Dropouts in our 
study were reported to be as low as 0.8%.  
 
Evaluating the impact of SVR in cirrhotic patients has been challenging. Firstly, pivotal 
HCV treatment studies have included a low frequency of such patients. Secondly, in 
RCTs, patients with advanced fibrosis (F3) have often been grouped together with 
cirrhotic patients (F4). It has been shown that the risk of HCC and liver-complications 
differ in these groups and chances of achieving SVR are generally 10-15% lower in 
cirrhotic patients and probably, as we showed in study II, even lower in a clinical 
reality compared to rates reported in randomised studies. In this study, these problems 
could be avoided considering the nature of the cohort which was comparatively large 
(n=351) and comprised a rather homogenous group of patients (HCV-induced Child-
Pugh class A cirrhosis).    
 
We showed that the risk of developing HCC remained in patients with SVR at a rate of 
1% per year. Based on this finding, terminating surveillance for HCC in cirrhotic 
patients after achievement of SVR can be seriously questioned. The recent AASLD 
guideline for screening of HCC states that an incidence of 1.5% per year is the cut-off 
which indicates cost-effective surveillance for HCC (189). However, EASL Clinical 
Practice Guidelines for management of HCV recommend surveillance in patients with 
HCV-related cirrhosis who have achieved SVR (118).  
 
Even the rates of decompensation were markedly reduced after SVR in our study. No 
variceal bleeding was seen during the long-term follow-up in patients with SVR, which 
together with another long-term follow-up study (212), indicate that endoscopy 
surveillance may not be necessary in patients with no varices at the time of SVR.  
 
Studies have shown that SOC therapy resulting in SVR also reduces incidence and 
progression of cirrhosis. Even reversal of cirrhosis seems to be possible (99, 145, 146). 
This could be of major importance concerning the continued clinical outcome after 
achieving SVR and play an important role in determining which patients are in need of 
surveillance. In this study, we did not carry out sequential measurements of liver 
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fibrosis after achievement of SVR to be able to analyse the correlation between 
remaining fibrosis and long-term risk of HCC. Future studies of prognostic factors for 
remained risk of HCC are needed to distinguish the subpopulation of patients with need 
of long-term surveillance. 
 
5.4 ASSOCIATION BETWEEN NS3, TCPTP AND HCV RNA LEVELS 
A major limitation in understanding the pathogenesis of HCV infection has been the 
challenge of identifying viral proteins in the liver. It is a known fact that HCV 
replication occurs at the hepatic level and to date no replication at extrahepatic sites has 
been reported (213). Identification of viral proteins in the liver by 
immunohistochemistry or fluorescence microscopy has been shown to be possible only 
at or near the limits of sensitivity (214-217). For example it has been reported that only 
1.7 to 21.6% of hepatocytes in chronic HCV patients are infected by HCV (218). These 
findings have led to the conclusion that HCV proteins seem to be expressed by a 
limited number of hepatocytes with low levels of expression. One of the key viral 
proteins proposed for viral evasion and thus establishment of persistent infection by the 
HCV is the NS3/4A complex. In modulating the infected hepatocyte by blocking 
immune pathways, the NS3/4A cleaves or inactivates cellular proteins.  
 
In study IV, we established a new method of detecting the HCV NS3 protein in liver 
tissue from HCV-infected patients. Hence, for the first time to our knowledge, we were 
able to show successful detection of HCV NS3 through a combination of 
immunoprecipitation and western blot analysis. This allowed us to study the association 
between intrahepatic NS3 levels with clinical parameters, virological markers and 
signaling pathways modulated by HCV and/or NS3. Detection of NS3 was more 
common in patients with the HCV genotype 1 than non-genotype 1, which may be 
explained by the usage of a NS3 antibody raised against a NS3 genotype 1 immunogen. 
The fact that NS3 was also detected in genotype 2- and 3-patients suggests that there is 
some degree of cross-reactivity towards these genotypes.  
 
The correlation found between intrahepatic NS3-protein levels and the HCV viral load 
and their inverse correlation to intrahepatic TCPTP protein levels has led us to 
conclude that a high viral load results in an increased number of HCV-infected 
hepatocytes producing HCV NS3/4A in which TCPTP is cleaved, causing an overall 
decrease in intrahepatic TCPTP protein levels. The cleavage of TCPTP may have 
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important implications for the HCV life-cycle and development of HCV-induced liver 
diseases.  
 
There was a lack of association between NS3 detection and grade of liver 
inflammation, fibrosis stage and serum levels of liver damage markers. From this we 
conclude that neither viral load nor the expression level of HCV proteins seem to be 
directly proportional to HCV-induced liver injury. Other studies also support the lack 
of correlation between serum titers of HCV and severity of liver disease (219-222). 
 
The interesting finding that alcohol may have a positive effect on HCV replication we 
have no explanation for. The possible influence of alcohol on HCV viral replication has 
been analysed through a number of studies, in which some indicate increased HCV 
RNA levels in alcoholics (223-225) and others don’t (226-228). This association must 
be investigated further. 
 
To summarise, the results of this thesis confirm that patients with CHC constitute a 
clinically complex and challenging group. Clinical tools and interventions currently 
used for diagnosis and therapy improve clinical outcome. However, further studies are 
needed to clarify the pathogenesis of HCV infection and identify prognostic factors to 
enable individual optimisation of the medical care for each patient and thereby increase 
survival. 
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6 GENERAL CONCLUSIONS 
 
Study I 
 
CEUS improves characterisation of focal liver lesions, although characterising early 
HCCs remains a challenge. In low endemic countries, the use of CEUS in screening for 
HCC may be considered. However, further studies are needed to elucidate its role in 
surveillance of patients with HCV-induced liver cirrhosis.  
 
Study II 
 
SVR rates found in our study, in particular for genotype 1-patients, were lower than 
those generally found in randomised controlled studies, which may reflect that these 
studies include a more select group of patients compared to the ones treated in a “real-
life” clinical setting. For cirrhotic patients, new treatment alternatives are urgently 
needed to improve treatment outcome.  
 
Study III 
 
The risks of HCC, liver decompensation and death were markedly reduced in cirrhotic 
patients having achieved SVR. However, a HCC incidence of 1% per year still 
remained after SVR, which indicates that continued surveillance for HCC is warranted. 
Endoscopic surveillance for varices in patients who have achieved SVR may not be 
necessary. 
 
Study IV 
 
Intrahepatic HCV NS3 can be detected by immunoprecipitation and western blot 
analyses. In HCV-infected patients, both intrahepatic NS3 expression and viral load 
were inversely correlated with intrahepatic TCPTP protein levels. A high viral load 
may result in an increased number of HCV-infected hepatocytes producing HCV 
NS3/4A in which TCPTP is cleaved, followed by a decrease in intrahepatic TCPTP 
protein levels. This may have important consequences for the HCV life-cycle and 
HCV-induced liver diseases. 
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7 CONCLUDING REMARKS 
 
Patients with advanced liver disease/liver cirrhosis constitute a clinically challenging 
group of patients, with difficulties of achieving eradication through therapy and with 
increased risk of decompensation, HCC and liver-related deaths. In this thesis, different 
aspects of chronic HCV infection have been studied, with especial focus on patients 
with liver cirrhosis.  
 
One of the mechanisms by which the HCV manages to establish a chronic infection 
was studied, through analyzing levels of the NS3-protein and TCPTP-protein in liver 
biopsies from patients with CHC infection. We found an association between levels of 
intrahepatic NS3 and the HCV viral load and an inverse correlation to levels of 
intrahepatic TCPTP. In HCV-infected patients, TCPTP cleavage may play an important 
role for the viral life-cycle and progress of HCV-induced liver disease. 
 
In patients with chronic infection, some develop liver cirrhosis over time. In our study 
we could see the difficulty of eradicating the virus with SOC therapy once the stage of 
liver cirrhosis has been reached. Therefore, in patients with proven progressive disease, 
it is preferable that HCV infection be treated before reaching end stage liver disease. 
Patients with HCV-induced liver cirrhosis who receive standard of care therapy in 
clinical settings achieve SVR at lower rates than those generally found in randomised 
controlled studies, in particular genotype 1 patients. New therapies are urgently needed 
for this patient group. Novel treatment regimens are being developed (some of which 
are interferon-free) and are expected to be available in the coming years, anticipated to 
significantly raise SVR rates for patients with liver cirrhosis.  
 
If SVR is achieved, risks for HCC, liver decompensation and death are markedly 
reduced in patients with liver cirrhosis. Still, the risk of HCC does not remain at a 
negligible level, which warrants continued surveillance for HCC. However, it is not 
known for how long this surveillance should be continued. Identifying prognostic 
markers for sustained risk of HCC after SVR are needed. Diagnostic confidence may 
be improved with CEUS in surveillance for HCC, but larger studies are needed to 
confirm our findings. Variceal bleeding was not seen after SVR, so gastroscopy 
surveillance may be abolished after achievement of SVR. 
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There are still many aspects of patients with HCV-induced liver cirrhosis which need to 
be studied, such as further understanding the pathogenesis of HCV, increasing the rate 
of eradication by treatment and identifying prognostic factors for developing 
decompensation or HCC in patients having achieved SVR. Additionally, studies are 
needed to further evaluate the role of CEUS in surveillance for this group of patients, in 
which detection of especially small HCCs is of major importance to increase survival. 
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8 POPULÄRVETENSKAPLIG SAMMANFATTNING 
 
Syftet med avhandlingen var att studera kliniska och molekylära aspekter av hepatit C-
virusinfektion och på vilka sätt infektionen kan leda till en kronisk och avancerad 
leversjukdom. 
 
I den första studien utvärderade vi om användandet av kontrast vid 
ultraljudsundersökningar av levern förbättrade diagnostiken av levercancer inom ramen 
av ett uppföljningsprogram för hepatit C-infekterade patienter med skrumplever 
(cirros), vilka löper ökad risk för att utveckla levercancer. Totalt 49 patienter ingick i 
studien och 96 ultraljudsundersökningar – före och efter kontrasttillförsel - 
analyserades. Vi fann att kontrastförstärkt ultraljud ökar den diagnostiska säkerheten 
när det gäller att skilja på godartade och elakartade förändringar i levern. 
 
Standardbehandlingen för många patienter med hepatit C är en 
kombinationsbehandling med peg-interferon och ribavirin, vilka är behäftade med 
kraftiga biverkningar. I den andra studien undersökte vi effektiviteten och toleransen av 
denna behandling hos patienter med levercirros vid en svensk universitetsklinik. 
Utläkning och biverkningar/komplikationer analyserades hos 104 patienter. Vi kunde 
se att andelen patienter som uppnådde utläkning var lägre än de siffror som generellt 
anges i randomiserade kontrollerade studier. Detta kan bero på att patienter som har 
sämre förutsättningar att klara behandlingen ofta utesluts i dessa studier. Vi fann även 
att behandlingen avbröts i förtid hos nästan hälften av patienterna, där den dominerande 
orsaken var påvisad brist på önskad läkemedelseffekt vid rutinkontroll under 
behandling. Detta kan förklaras av att läkemedelsdoser fick sänkas eller att en av 
medicinerna togs bort under behandlingstiden pga. biverkningar.  
 
I den tredje studien ville vi utvärdera hur uppnådd utläkning av hepatit C-infektion 
påverkade risken att utveckla levercancer, leverkomplikationer och dödlighet. Totalt 
följdes 351 patienter med levercirros i genomsnitt under 5,3 år. Vi kunde visa att 
riskerna reducerades påtagligt hos patienter som hade läkt ut sin infektion. Risken att 
utveckla levercancer kvarstod dock och beräknades vara 1% per år, jämfört med 1,9% i 
gruppen med utebliven utläkning. Hepatit C-infekterade patienter med levercirros som 
läker ut sin infektion bör därför fortsätta följas upp avseende levercancer. 
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Det icke-strukturella proteinet NS3 ingår i hepatit C-virusets kärna och TCPTP är ett 
s.k. fosfatas som naturligt finns i våra celler och som deltar i det komplexa molekylära 
signaleringssystemet. Det har nyligen visats att NS3 inaktiverar TCPTP och man har 
framlagt att detta stänger av ett viktigt steg i kroppens immunförsvar mot hepatit C och 
möjliggör etablerandet av en kronisk infektion. I vår fjärde studie etablerades en ny 
metod för detektion av NS3 för att se hur proteinmängden förhöll sig till andra 
parametrar hos patienter med kronisk hepatit C-infektion. NS3- och TCPTP-nivåer 
bestämdes i leverbiopsier från 69 infekterade patienter. Vi kunde visa att det fanns ett 
omvänt förhållande mellan dessa nivåer, dvs. att patienter med höga nivåer av NS3 
uppvisade låga TCPTP-nivåer. Det fanns också ett samband mellan höga NS3-nivåer 
och hög virusmängd i blod. Ingen koppling sågs mellan detektion av NS3 och kliniska 
parametrar. Detta visar att NS3:s interaktion med TCPTP kan ha en betydande roll i 
hepatit C-virusets livscykel och för den kroniska leversjukdom som viruset ger upphov 
till. 
 
Sammanfattningsvis har vi kunnat visa att det finns ett omvänt samband mellan NS3- 
och TCPTP-nivåer i leverbiopsier från kroniskt hepatit C-infekterade patienter. Det 
påvisade sambandet, tillsammans med tidigare forskningsdata, stödjer att detta är en 
konsekvens av en av hepatit C-virusets mekanismer att etablera en kronisk infektion i 
levern. Vidare fann vi att andelen patienter med kronisk infektion och levercirros som 
behandlades framgångsrikt vid en svensk universitetsklinik var lägre än de siffror som 
generellt anges i randomiserade kontrollerade studier, vilket bl.a. kan förklaras av att 
patienter med sämre förutsättningar att klara behandlingen ofta utesluts i dessa studier. 
Vi visade även att risken för levercancer, leverkomplikationer och dödlighet minskade 
markant hos hepatit C-infekterade patienter med levercirros som uppnådde utläkning 
med behandling, men den kvarstående risken att utveckla levercancer föranleder att 
patienterna bör fortsätta följas upp. Slutligen konstaterade vi att kontrastförstärkt 
ultraljud ökar säkerheten när det gäller att skilja mellan godartade och elakartade 
förändringar i levern och kan övervägas i uppföljningsprogram för att upptäcka 
levercancer hos hepatit C-infekterade patienter med levercirros. 
 
 52 
9 ACKNOWLEDGEMENTS 
 
My PhD studies have been carried out during 2006-2012 at the Department of Medicine and 
the Department of Laboratory Medicine, Karolinska Institutet and Karolinska University 
Hospital, Sweden. I am full of gratitude to all who have contributed to this work and helped and 
supported me in different ways. I would especially like to convey my sincere and heartfelt 
thanks to the following persons: 
 
My main supervisor Soo Aleman, M.D, PhD. I met you first almost 10 years ago as a slightly 
bewildered medical student being on my first clinical rotation. With great enthusiasm you 
introduced me to the world of research and the journey that followed has been filled with 
learnings. I especially value your excellent scientific guidance, generosity, sense of humour and 
not the least our friendship. I am so grateful for your contribution during these years and having 
had you as my supervisor. 
 
 My co-supervisor Professor Rolf Hultcrantz for interesting discussions and your guidance in 
setting up the projects. Your input has been instrumental in carrying on the studies. 
 
My co-supervisor Professor Matti Sällberg, head of the Department of Laboratory Medicine, 
for welcoming me into his group at the lab and for providing facilities to carry out study IV. 
Thank you for your guidance and advice. The learnings drawn during the time in your group 
have been very valuable. 
 
My external mentor Associate Professor Ylva Pernow.  I accidentally spilt orange juice over 
you the first time we met, without knowing that our coming meetings would prove so fruitful. 
Thank you for your support during these years. 
 
Head of the Department of Medicine, Solna, Professor Anders Ekbom for providing excellent 
research facilities. 
 
Co-authors of the studies in this thesis. I would especially like to thank:  
Anna-Karin Siösteen, M.D, for enthusiastically engaging me in study I and for all the updates 
in the field that you have provided me during recent years. Associate Professor Anders Elvin, 
for your constructive contribution to study I. Professor Ola Weiland, for your significant 
contribution to studies II and III. Fredrik Granath, researcher, for your helpful collaboration 
in study III. Med Dr Lars Frelin; for skillfully teaching me various methods, always willing to 
help and simply being a great mentor for me at the lab. Med Dr Erwin Brenndörfer, for your 
important contribution to study IV. 
 
Former and present members of group Sällberg: Malin Weiland, for your warm guidance and 
taking care of me when being new at the lab. Anthony, Emma, Anna, Sepideh, Gustaf, 
Jessica, Fredrik, Sarene, Anette and Catharina, for nice discussions, cheerful smiles and 
contributing to a nice working environment. Marit Bjon-Holm, for excellent technical 
assistance and being such an asset in the lab on so many levels. Finally, to all of you who were 
on that memorable trip to San Antonio, Texas, in 2008 for the International Symposium on 
Hepatitis C.  
   53 
Professor Hans Glaumann for appreciated guidance in histological analysis and introducing 
me to Carlos Moro-Fernandez, M.D, who devoted precious time in developing a digital 
method for histological analysis in study IV. I am so extremely thankful for everything you did. 
 
Ingrid Ackzell, nurse, and Eva Berglund, research nurse at the Clinic of Gastroenterology and 
Hepatology, Karolinska University Hospital: for all your help with the studies in this thesis. 
 
All the patients participating in the studies of this thesis, for making the studies possible. 
 
Former colleagues and co-workers at Storvretens Vårdcentral AB, where my clinical duty 
was carried out between 2008 and 2011 in parallel to my research. Thank you for your 
flexibility in allowing me to combine research, clinical work and parental leave. Especially to 
colleagues Eva, Janina, Ramin, Carin, Roger, Lars, Olle, Birgitta, Jan and Christian for 
providing such a nice working climate and always showing support and encouragement. 
 
Present colleagues at Astrid Lindgren Children’s Hospital Huddinge. For contributing to a 
stimulating working environment and being such wonderful colleagues. 
 
My dear family, without which this work would have been impossible. My mother and father, 
Jaleh and Behnam. Mom, for your never-ending support, being a role model and my compass 
in life and Dad, for sharing your vast knowledge, teaching me to aspire for high goals and 
always believing in me. You both have taught me the true meaning of courage and selflessness. 
I love you immensely. Negin, for being such a true sister and friend and her husband Neysan, 
who is a wonderful addition to the family. Samin, for his helping hand in completing this 
thesis, his sense of humour and being such a great brother. My parents in-law Jinus and 
Kianoush, for their love and support and providing relaxing breaks in China and my brother in-
law Monib and his family. Mrs Azami for being such an amazing grandmother and all my 
other family around the world for their love and support, despite the physical distances.  
 
My dear friends: you are too many to be counted, but you know who you are. Thank you all 
for being a part of my life. 
 
Last but not least, Ramin, for your unconditional support, love and devotion. Your 
contributions to this thesis are innumerous; reading texts, suggesting improvements and helping 
out with figures, as well as taking on responsibility of the household and showing 
understanding when time is short. For simply being such an amazing husband and father to our 
son Kian Maxwell, the light of our home. You both mean the world to me. I love you. 
 
This thesis is dedicated to the young members of the Bahá’í Faith in Iran who since 1981 until 
the present day are systematically and formally denied access to higher education, solely for 
their beliefs (229, 230). You are a true source of inspiration to me and so many others around 
the world.  
 
 54 
10 REFERENCES 
 
1. Krugman S, Ward R, Giles JP. The natural history of infectious hepatitis. The 
American journal of medicine. 1962;32:717-28. 
2. Feinstone SM, Kapikian AZ, Purceli RH. Hepatitis A: detection by immune 
electron microscopy of a viruslike antigen associated with acute illness. 
Science. 1973;182(116):1026-8. 
3. Bayer ME, Blumberg BS, Werner B. Particles associated with Australia antigen 
in the sera of patients with leukaemia, Down's Syndrome and hepatitis. Nature. 
1968;218(5146):1057-9. 
4. Feinstone SM, Kapikian AZ, Purcell RH, Alter HJ, Holland PV. Transfusion-
associated hepatitis not due to viral hepatitis type A or B. The New England 
journal of medicine. 1975;292(15):767-70. 
5. Alter HJ, Purcell RH, Holland PV, Popper H. Transmissible agent in non-A, 
non-B hepatitis. Lancet. 1978;1(8062):459-63. 
6. Dienstag JL, Alter HJ. Non-A, non-B hepatitis: evolving epidemiologic and 
clinical perspective. Seminars in liver disease. 1986;6(1):67-81. 
7. Seeff LB, Dienstag JL. Transfusion-associated non-A, non-B hepatitis. Where 
do we go from here? Gastroenterology. 1988;95(2):530-3. 
8. Choo QL, Kuo G, Weiner AJ, Overby LR, Bradley DW, Houghton M. Isolation 
of a cDNA clone derived from a blood-borne non-A, non-B viral hepatitis 
genome. Science. 1989;244(4902):359-62. 
9. Hepatitis C--global prevalence (update). Releve epidemiologique hebdomadaire 
/ Section d'hygiene du Secretariat de la Societe des Nations = Weekly 
epidemiological record / Health Section of the Secretariat of the League of 
Nations. 2000;75(3):18-9. 
10. Shepard CW, Finelli L, Alter MJ. Global epidemiology of hepatitis C virus 
infection. The Lancet infectious diseases. 2005;5(9):558-67. 
11. Lavanchy D. Evolving epidemiology of hepatitis C virus. Clinical microbiology 
and infection : the official publication of the European Society of Clinical 
Microbiology and Infectious Diseases. 2011;17(2):107-15. 
12. Alter MJ. HCV routes of transmission: what goes around comes around. 
Seminars in liver disease. 2011;31(4):340-6. 
13. Frank C, Mohamed MK, Strickland GT, Lavanchy D, Arthur RR, Magder LS, 
et al. The role of parenteral antischistosomal therapy in the spread of hepatitis C 
virus in Egypt. Lancet. 2000;355(9207):887-91. 
14. Duberg A, Janzon R, Back E, Ekdahl K, Blaxhult A. The epidemiology of 
hepatitis C virus infection in Sweden. Euro surveillance : bulletin europeen sur 
les maladies transmissibles = European communicable disease bulletin. 
2008;13(21). 
15. Weiland O, Berg JV, Bjorvatn B, Flehmig B, Lundbergh P. Acute viral hepatitis 
A, B and non-A, non-B in Stockholm in the 1950s and 1970s: a comparison. 
Infection. 1981;9(6):268-74. 
16. Duberg AS, Pettersson H, Aleman S, Blaxhult A, Daviethsdottir L, Hultcrantz 
R, et al. The burden of hepatitis C in Sweden: a national study of inpatient care. 
Journal of viral hepatitis. 2011;18(2):106-18. 
17. Robertson B, Myers G, Howard C, Brettin T, Bukh J, Gaschen B, et al. 
Classification, nomenclature, and database development for hepatitis C virus 
(HCV) and related viruses: proposals for standardization. International 
Committee on Virus Taxonomy. Archives of virology. 1998;143(12):2493-503. 
18. Kaito M, Watanabe S, Tsukiyama-Kohara K, Yamaguchi K, Kobayashi Y, 
Konishi M, et al. Hepatitis C virus particle detected by immunoelectron 
microscopic study. The Journal of general virology. 1994;75 ( Pt 7):1755-60. 
19. Choo QL, Richman KH, Han JH, Berger K, Lee C, Dong C, et al. Genetic 
organization and diversity of the hepatitis C virus. Proceedings of the National 
Academy of Sciences of the United States of America. 1991;88(6):2451-5. 
   55 
20. Kato N, Hijikata M, Ootsuyama Y, Nakagawa M, Ohkoshi S, Sugimura T, et al. 
Molecular cloning of the human hepatitis C virus genome from Japanese 
patients with non-A, non-B hepatitis. Proceedings of the National Academy of 
Sciences of the United States of America. 1990;87(24):9524-8. 
21. Frick DN. The hepatitis C virus NS3 protein: a model RNA helicase and 
potential drug target. Current issues in molecular biology. 2007;9(1):1-20. 
22. Cha TA, Beall E, Irvine B, Kolberg J, Chien D, Kuo G, et al. At least five 
related, but distinct, hepatitis C viral genotypes exist. Proceedings of the 
National Academy of Sciences of the United States of America. 
1992;89(15):7144-8. 
23. Simmonds P, Holmes EC, Cha TA, Chan SW, McOmish F, Irvine B, et al. 
Classification of hepatitis C virus into six major genotypes and a series of 
subtypes by phylogenetic analysis of the NS-5 region. The Journal of general 
virology. 1993;74 ( Pt 11):2391-9. 
24. Simmonds P, Alberti A, Alter HJ, Bonino F, Bradley DW, Brechot C, et al. A 
proposed system for the nomenclature of hepatitis C viral genotypes. 
Hepatology. 1994;19(5):1321-4. 
25. Purcell R. The hepatitis C virus: overview. Hepatology. 1997;26(3 Suppl 
1):11S-4S. 
26. Widell A, Shev S, Mansson S, Zhang YY, Foberg U, Norkrans G, et al. 
Genotyping of hepatitis C virus isolates by a modified polymerase chain 
reaction assay using type specific primers: epidemiological applications. 
Journal of medical virology. 1994;44(3):272-9. 
27. Westin J, Lindh M, Lagging LM, Norkrans G, Wejstal R. Chronic hepatitis C in 
Sweden: genotype distribution over time in different epidemiological settings. 
Scandinavian journal of infectious diseases. 1999;31(4):355-8. 
28. Patel K, McHutchison JG. Initial treatment for chronic hepatitis C: current 
therapies and their optimal dosing and duration. Cleveland Clinic journal of 
medicine. 2004;71 Suppl 3:S8-12. 
29. Fried MW, Shiffman ML, Reddy KR, Smith C, Marinos G, Goncales FL, Jr., et 
al. Peginterferon alfa-2a plus ribavirin for chronic hepatitis C virus infection. 
The New England journal of medicine. 2002;347(13):975-82. 
30. Jacobson IM, McHutchison JG, Dusheiko G, Di Bisceglie AM, Reddy KR, 
Bzowej NH, et al. Telaprevir for previously untreated chronic hepatitis C virus 
infection. The New England journal of medicine. 2011;364(25):2405-16. 
31. Poordad F, McCone J, Jr., Bacon BR, Bruno S, Manns MP, Sulkowski MS, et 
al. Boceprevir for untreated chronic HCV genotype 1 infection. The New 
England journal of medicine. 2011;364(13):1195-206. 
32. Shiffman ML. Natural history and risk factors for progression of hepatitis C 
virus disease and development of hepatocellular cancer before liver 
transplantation. Liver transplantation : official publication of the American 
Association for the Study of Liver Diseases and the International Liver 
Transplantation Society. 2003;9(11):S14-20. 
33. Maheshwari A, Ray S, Thuluvath PJ. Acute hepatitis C. Lancet. 
2008;372(9635):321-32. 
34. Marcellin P. Hepatitis C: the clinical spectrum of the disease. Journal of 
hepatology. 1999;31 Suppl 1:9-16. 
35. Micallef JM, Kaldor JM, Dore GJ. Spontaneous viral clearance following acute 
hepatitis C infection: a systematic review of longitudinal studies. Journal of 
viral hepatitis. 2006;13(1):34-41. 
36. Santantonio T, Wiegand J, Gerlach JT. Acute hepatitis C: current status and 
remaining challenges. Journal of hepatology. 2008;49(4):625-33. 
37. Page-Shafer K, Pappalardo BL, Tobler LH, Phelps BH, Edlin BR, Moss AR, et 
al. Testing strategy to identify cases of acute hepatitis C virus (HCV) infection 
and to project HCV incidence rates. Journal of clinical microbiology. 
2008;46(2):499-506. 
38. Busch MP. Insights into the epidemiology, natural history and pathogenesis of 
hepatitis C virus infection from studies of infected donors and blood product 
recipients. Transfusion clinique et biologique : journal de la Societe francaise de 
transfusion sanguine. 2001;8(3):200-6. 
 56 
39. Cox AL, Netski DM, Mosbruger T, Sherman SG, Strathdee S, Ompad D, et al. 
Prospective evaluation of community-acquired acute-phase hepatitis C virus 
infection. Clinical infectious diseases : an official publication of the Infectious 
Diseases Society of America. 2005;40(7):951-8. 
40. Orland JR, Wright TL, Cooper S. Acute hepatitis C. Hepatology. 
2001;33(2):321-7. 
41. Kenny-Walsh E. Clinical outcomes after hepatitis C infection from 
contaminated anti-D immune globulin. Irish Hepatology Research Group. The 
New England journal of medicine. 1999;340(16):1228-33. 
42. Seeff LB, Miller RN, Rabkin CS, Buskell-Bales Z, Straley-Eason KD, Smoak 
BL, et al. 45-year follow-up of hepatitis C virus infection in healthy young 
adults. Annals of internal medicine. 2000;132(2):105-11. 
43. Villano SA, Vlahov D, Nelson KE, Cohn S, Thomas DL. Persistence of viremia 
and the importance of long-term follow-up after acute hepatitis C infection. 
Hepatology. 1999;29(3):908-14. 
44. Hofer H, Watkins-Riedel T, Janata O, Penner E, Holzmann H, Steindl-Munda 
P, et al. Spontaneous viral clearance in patients with acute hepatitis C can be 
predicted by repeated measurements of serum viral load. Hepatology. 
2003;37(1):60-4. 
45. Gerlach JT, Diepolder HM, Zachoval R, Gruener NH, Jung MC, Ulsenheimer 
A, et al. Acute hepatitis C: high rate of both spontaneous and treatment-induced 
viral clearance. Gastroenterology. 2003;125(1):80-8. 
46. Corey KE, Ross AS, Wurcel A, Schulze Zur Wiesch J, Kim AY, Lauer GM, et 
al. Outcomes and treatment of acute hepatitis C virus infection in a United 
States population. Clinical gastroenterology and hepatology : the official 
clinical practice journal of the American Gastroenterological Association. 
2006;4(10):1278-82. 
47. Bakr I, Rekacewicz C, El Hosseiny M, Ismail S, El Daly M, El-Kafrawy S, et 
al. Higher clearance of hepatitis C virus infection in females compared with 
males. Gut. 2006;55(8):1183-7. 
48. Wang CC, Krantz E, Klarquist J, Krows M, McBride L, Scott EP, et al. Acute 
hepatitis C in a contemporary US cohort: modes of acquisition and factors 
influencing viral clearance. The Journal of infectious diseases. 
2007;196(10):1474-82. 
49. Thomas DL, Astemborski J, Rai RM, Anania FA, Schaeffer M, Galai N, et al. 
The natural history of hepatitis C virus infection: host, viral, and environmental 
factors. JAMA : the journal of the American Medical Association. 
2000;284(4):450-6. 
50. Chou R, Clark EC, Helfand M. Screening for hepatitis C virus infection: a 
review of the evidence for the U.S. Preventive Services Task Force. Annals of 
internal medicine. 2004;140(6):465-79. 
51. Poynard T, Afdhal NH. Perspectives on fibrosis progression in hepatitis C: an a 
la carte approach to risk factors and staging of fibrosis. Antiviral therapy. 
2010;15(3):281-91. 
52. Siu L, Foont J, Wands JR. Hepatitis C virus and alcohol. Seminars in liver 
disease. 2009;29(2):188-99. 
53. Szabo G, Wands JR, Eken A, Osna NA, Weinman SA, Machida K, et al. 
Alcohol and hepatitis C virus--interactions in immune dysfunctions and liver 
damage. Alcoholism, clinical and experimental research. 2010;34(10):1675-86. 
54. Corrao G, Arico S. Independent and combined action of hepatitis C virus 
infection and alcohol consumption on the risk of symptomatic liver cirrhosis. 
Hepatology. 1998;27(4):914-9. 
55. Hassan MM, Hwang LY, Hatten CJ, Swaim M, Li D, Abbruzzese JL, et al. 
Risk factors for hepatocellular carcinoma: synergism of alcohol with viral 
hepatitis and diabetes mellitus. Hepatology. 2002;36(5):1206-13. 
56. Yuan JM, Govindarajan S, Arakawa K, Yu MC. Synergism of alcohol, 
diabetes, and viral hepatitis on the risk of hepatocellular carcinoma in blacks 
and whites in the U.S. Cancer. 2004;101(5):1009-17. 
   57 
57. Westin J, Lagging LM, Spak F, Aires N, Svensson E, Lindh M, et al. Moderate 
alcohol intake increases fibrosis progression in untreated patients with hepatitis 
C virus infection. Journal of viral hepatitis. 2002;9(3):235-41. 
58. Charlton MR, Pockros PJ, Harrison SA. Impact of obesity on treatment of 
chronic hepatitis C. Hepatology. 2006;43(6):1177-86. 
59. Everhart JE, Lok AS, Kim HY, Morgan TR, Lindsay KL, Chung RT, et al. 
Weight-related effects on disease progression in the hepatitis C antiviral long-
term treatment against cirrhosis trial. Gastroenterology. 2009;137(2):549-57. 
60. Missiha SB, Ostrowski M, Heathcote EJ. Disease progression in chronic 
hepatitis C: modifiable and nonmodifiable factors. Gastroenterology. 
2008;134(6):1699-714. 
61. Zignego AL, Craxi A. Extrahepatic manifestations of hepatitis C virus 
infection. Clinics in liver disease. 2008;12(3):611-36, ix. 
62. Wilkins C, Gale M, Jr. Recognition of viruses by cytoplasmic sensors. Current 
opinion in immunology. 2010;22(1):41-7. 
63. Saito T, Hirai R, Loo YM, Owen D, Johnson CL, Sinha SC, et al. Regulation of 
innate antiviral defenses through a shared repressor domain in RIG-I and LGP2. 
Proceedings of the National Academy of Sciences of the United States of 
America. 2007;104(2):582-7. 
64. Sumpter R, Jr., Loo YM, Foy E, Li K, Yoneyama M, Fujita T, et al. Regulating 
intracellular antiviral defense and permissiveness to hepatitis C virus RNA 
replication through a cellular RNA helicase, RIG-I. Journal of virology. 
2005;79(5):2689-99. 
65. Buonaguro L, Petrizzo A, Tornesello ML, Buonaguro FM. Innate immunity and 
hepatitis C virus infection: a microarray's view. Infectious agents and cancer. 
2012;7(1):7. 
66. Bode JG, Ludwig S, Ehrhardt C, Albrecht U, Erhardt A, Schaper F, et al. IFN-
alpha antagonistic activity of HCV core protein involves induction of 
suppressor of cytokine signaling-3. FASEB journal : official publication of the 
Federation of American Societies for Experimental Biology. 2003;17(3):488-
90. 
67. de Lucas S, Bartolome J, Carreno V. Hepatitis C virus core protein down-
regulates transcription of interferon-induced antiviral genes. The Journal of 
infectious diseases. 2005;191(1):93-9. 
68. Taylor DR, Shi ST, Romano PR, Barber GN, Lai MM. Inhibition of the 
interferon-inducible protein kinase PKR by HCV E2 protein. Science. 
1999;285(5424):107-10. 
69. Gale M, Jr., Blakely CM, Kwieciszewski B, Tan SL, Dossett M, Tang NM, et 
al. Control of PKR protein kinase by hepatitis C virus nonstructural 5A protein: 
molecular mechanisms of kinase regulation. Molecular and cellular biology. 
1998;18(9):5208-18. 
70. Chang KM, Thimme R, Melpolder JJ, Oldach D, Pemberton J, Moorhead-
Loudis J, et al. Differential CD4(+) and CD8(+) T-cell responsiveness in 
hepatitis C virus infection. Hepatology. 2001;33(1):267-76. 
71. Petrovic D, Dempsey E, Doherty DG, Kelleher D, Long A. Hepatitis C virus--
T-cell responses and viral escape mutations. European journal of immunology. 
2012;42(1):17-26. 
72. Morikawa K, Lange CM, Gouttenoire J, Meylan E, Brass V, Penin F, et al. 
Nonstructural protein 3-4A: the Swiss army knife of hepatitis C virus. Journal 
of viral hepatitis. 2011;18(5):305-15. 
73. Meylan E, Curran J, Hofmann K, Moradpour D, Binder M, Bartenschlager R, et 
al. Cardif is an adaptor protein in the RIG-I antiviral pathway and is targeted by 
hepatitis C virus. Nature. 2005;437(7062):1167-72. 
74. Li K, Foy E, Ferreon JC, Nakamura M, Ferreon AC, Ikeda M, et al. Immune 
evasion by hepatitis C virus NS3/4A protease-mediated cleavage of the Toll-
like receptor 3 adaptor protein TRIF. Proceedings of the National Academy of 
Sciences of the United States of America. 2005;102(8):2992-7. 
75. Li XD, Sun L, Seth RB, Pineda G, Chen ZJ. Hepatitis C virus protease NS3/4A 
cleaves mitochondrial antiviral signaling protein off the mitochondria to evade 
 58 
innate immunity. Proceedings of the National Academy of Sciences of the 
United States of America. 2005;102(49):17717-22. 
76. Cool DE, Tonks NK, Charbonneau H, Walsh KA, Fischer EH, Krebs EG. 
cDNA isolated from a human T-cell library encodes a member of the protein-
tyrosine-phosphatase family. Proceedings of the National Academy of Sciences 
of the United States of America. 1989;86(14):5257-61. 
77. Heinonen KM, Nestel FP, Newell EW, Charette G, Seemayer TA, Tremblay 
ML, et al. T-cell protein tyrosine phosphatase deletion results in progressive 
systemic inflammatory disease. Blood. 2004;103(9):3457-64. 
78. Tiganis T, Kemp BE, Tonks NK. The protein-tyrosine phosphatase TCPTP 
regulates epidermal growth factor receptor-mediated and phosphatidylinositol 
3-kinase-dependent signaling. The Journal of biological chemistry. 
1999;274(39):27768-75. 
79. Brenndorfer ED, Karthe J, Frelin L, Cebula P, Erhardt A, Schulte am Esch J, et 
al. Nonstructural 3/4A protease of hepatitis C virus activates epithelial growth 
factor-induced signal transduction by cleavage of the T-cell protein tyrosine 
phosphatase. Hepatology. 2009;49(6):1810-20. 
80. Lupberger J, Zeisel MB, Xiao F, Thumann C, Fofana I, Zona L, et al. EGFR 
and EphA2 are host factors for hepatitis C virus entry and possible targets for 
antiviral therapy. Nature medicine. 2011;17(5):589-95. 
81. Inui Y, Higashiyama S, Kawata S, Tamura S, Miyagawa J, Taniguchi N, et al. 
Expression of heparin-binding epidermal growth factor in human hepatocellular 
carcinoma. Gastroenterology. 1994;107(6):1799-804. 
82. Schiffer E, Housset C, Cacheux W, Wendum D, Desbois-Mouthon C, Rey C, et 
al. Gefitinib, an EGFR inhibitor, prevents hepatocellular carcinoma 
development in the rat liver with cirrhosis. Hepatology. 2005;41(2):307-14. 
83. Castillo J, Erroba E, Perugorria MJ, Santamaria M, Lee DC, Prieto J, et al. 
Amphiregulin contributes to the transformed phenotype of human 
hepatocellular carcinoma cells. Cancer research. 2006;66(12):6129-38. 
84. Boyault S, Rickman DS, de Reynies A, Balabaud C, Rebouissou S, Jeannot E, 
et al. Transcriptome classification of HCC is related to gene alterations and to 
new therapeutic targets. Hepatology. 2007;45(1):42-52. 
85. Kurosaki M, Matsunaga K, Hirayama I, Tanaka T, Sato M, Komatsu N, et al. 
The presence of steatosis and elevation of alanine aminotransferase levels are 
associated with fibrosis progression in chronic hepatitis C with non-response to 
interferon therapy. Journal of hepatology. 2008;48(5):736-42. 
86. Meriden Z, Forde KA, Pasha TL, Hui JJ, Reddy KR, Furth EE, et al. Histologic 
predictors of fibrosis progression in liver allografts in patients with hepatitis C 
virus infection. Clinical gastroenterology and hepatology : the official clinical 
practice journal of the American Gastroenterological Association. 
2010;8(3):289-96, 96 e1-8. 
87. Moriishi K, Matsuura Y. Host factors involved in the replication of hepatitis C 
virus. Reviews in medical virology. 2007;17(5):343-54. 
88. Mueller S, Millonig G, Seitz HK. Alcoholic liver disease and hepatitis C: a 
frequently underestimated combination. World journal of gastroenterology : 
WJG. 2009;15(28):3462-71. 
89. Nieminen U, Arkkila PE, Karkkainen P, Farkkila MA. Effect of steatosis and 
inflammation on liver fibrosis in chronic hepatitis C. Liver international : 
official journal of the International Association for the Study of the Liver. 
2009;29(2):153-8. 
90. Strader DB, Wright T, Thomas DL, Seeff LB. Diagnosis, management, and 
treatment of hepatitis C. Hepatology. 2004;39(4):1147-71. 
91. Sandrin L, Fourquet B, Hasquenoph JM, Yon S, Fournier C, Mal F, et al. 
Transient elastography: a new noninvasive method for assessment of hepatic 
fibrosis. Ultrasound in medicine & biology. 2003;29(12):1705-13. 
92. Castera L, Forns X, Alberti A. Non-invasive evaluation of liver fibrosis using 
transient elastography. Journal of hepatology. 2008;48(5):835-47. 
93. Bedossa P, Dargere D, Paradis V. Sampling variability of liver fibrosis in 
chronic hepatitis C. Hepatology. 2003;38(6):1449-57. 
   59 
94. Rousselet MC, Michalak S, Dupre F, Croue A, Bedossa P, Saint-Andre JP, et 
al. Sources of variability in histological scoring of chronic viral hepatitis. 
Hepatology. 2005;41(2):257-64. 
95. Castera L, Le Bail B, Roudot-Thoraval F, Bernard PH, Foucher J, Merrouche 
W, et al. Early detection in routine clinical practice of cirrhosis and oesophageal 
varices in chronic hepatitis C: comparison of transient elastography (FibroScan) 
with standard laboratory tests and non-invasive scores. Journal of hepatology. 
2009;50(1):59-68. 
96. Bedossa P, Poynard T. An algorithm for the grading of activity in chronic 
hepatitis C. The METAVIR Cooperative Study Group. Hepatology. 
1996;24(2):289-93. 
97. Intraobserver and interobserver variations in liver biopsy interpretation in 
patients with chronic hepatitis C. The French METAVIR Cooperative Study 
Group. Hepatology. 1994;20(1 Pt 1):15-20. 
98. Castera L, Vergniol J, Foucher J, Le Bail B, Chanteloup E, Haaser M, et al. 
Prospective comparison of transient elastography, Fibrotest, APRI, and liver 
biopsy for the assessment of fibrosis in chronic hepatitis C. Gastroenterology. 
2005;128(2):343-50. 
99. Iacobellis A, Andriulli A. Antiviral therapy in compensated and decompensated 
cirrhotic patients with chronic HCV infection. Expert opinion on 
pharmacotherapy. 2009;10(12):1929-38. 
100. Benvegnu L, Gios M, Boccato S, Alberti A. Natural history of compensated 
viral cirrhosis: a prospective study on the incidence and hierarchy of major 
complications. Gut. 2004;53(5):744-9. 
101. Sangiovanni A, Prati GM, Fasani P, Ronchi G, Romeo R, Manini M, et al. The 
natural history of compensated cirrhosis due to hepatitis C virus: A 17-year 
cohort study of 214 patients. Hepatology. 2006;43(6):1303-10. 
102. Foucher J, Chanteloup E, Vergniol J, Castera L, Le Bail B, Adhoute X, et al. 
Diagnosis of cirrhosis by transient elastography (FibroScan): a prospective 
study. Gut. 2006;55(3):403-8. 
103. Ghany MG, Lok AS, Everhart JE, Everson GT, Lee WM, Curto TM, et al. 
Predicting clinical and histologic outcomes based on standard laboratory tests in 
advanced chronic hepatitis C. Gastroenterology. 2010;138(1):136-46. 
104. Pugh RN, Murray-Lyon IM, Dawson JL, Pietroni MC, Williams R. Transection 
of the oesophagus for bleeding oesophageal varices. The British journal of 
surgery. 1973;60(8):646-9. 
105. Malinchoc M, Kamath PS, Gordon FD, Peine CJ, Rank J, ter Borg PC. A model 
to predict poor survival in patients undergoing transjugular intrahepatic 
portosystemic shunts. Hepatology. 2000;31(4):864-71. 
106. Durand F, Valla D. Assessment of the prognosis of cirrhosis: Child-Pugh versus 
MELD. Journal of hepatology. 2005;42 Suppl(1):S100-7. 
107. Durand F, Valla D. Assessment of prognosis of cirrhosis. Seminars in liver 
disease. 2008;28(1):110-22. 
108. Fattovich G, Pantalena M, Zagni I, Realdi G, Schalm SW, Christensen E. Effect 
of hepatitis B and C virus infections on the natural history of compensated 
cirrhosis: a cohort study of 297 patients. The American journal of 
gastroenterology. 2002;97(11):2886-95. 
109. Serfaty L, Aumaitre H, Chazouilleres O, Bonnand AM, Rosmorduc O, Poupon 
RE, et al. Determinants of outcome of compensated hepatitis C virus-related 
cirrhosis. Hepatology. 1998;27(5):1435-40. 
110. Hu KQ, Tong MJ. The long-term outcomes of patients with compensated 
hepatitis C virus-related cirrhosis and history of parenteral exposure in the 
United States. Hepatology. 1999;29(4):1311-6. 
111. Fattovich G, Giustina G, Degos F, Diodati G, Tremolada F, Nevens F, et al. 
Effectiveness of interferon alfa on incidence of hepatocellular carcinoma and 
decompensation in cirrhosis type C. European Concerted Action on Viral 
Hepatitis (EUROHEP). Journal of hepatology. 1997;27(1):201-5. 
112. Fattovich G, Giustina G, Degos F, Tremolada F, Diodati G, Almasio P, et al. 
Morbidity and mortality in compensated cirrhosis type C: a retrospective 
follow-up study of 384 patients. Gastroenterology. 1997;112(2):463-72. 
 60 
113. Lucey MR, Brown KA, Everson GT, Fung JJ, Gish R, Keeffe EB, et al. 
Minimal criteria for placement of adults on the liver transplant waiting list: a 
report of a national conference organized by the American Society of 
Transplant Physicians and the American Association for the Study of Liver 
Diseases. Liver transplantation and surgery : official publication of the 
American Association for the Study of Liver Diseases and the International 
Liver Transplantation Society. 1997;3(6):628-37. 
114. Terrault NA, Berenguer M. Treating hepatitis C infection in liver transplant 
recipients. Liver transplantation : official publication of the American 
Association for the Study of Liver Diseases and the International Liver 
Transplantation Society. 2006;12(8):1192-204. 
115. Khan MH, Farrell GC, Byth K, Lin R, Weltman M, George J, et al. Which 
patients with hepatitis C develop liver complications? Hepatology. 
2000;31(2):513-20. 
116. Bruno S, Zuin M, Crosignani A, Rossi S, Zadra F, Roffi L, et al. Predicting 
mortality risk in patients with compensated HCV-induced cirrhosis: a long-term 
prospective study. The American journal of gastroenterology. 
2009;104(5):1147-58. 
117. Klibansky DA, Mehta SH, Curry M, Nasser I, Challies T, Afdhal NH. Transient 
elastography for predicting clinical outcomes in patients with chronic liver 
disease. Journal of viral hepatitis. 2012;19(2):e184-93. 
118. Craxi A. EASL Clinical Practice Guidelines: Management of hepatitis C virus 
infection. Journal of hepatology. 2011. 
119. Pearlman BL, Traub N. Sustained virologic response to antiviral therapy for 
chronic hepatitis C virus infection: a cure and so much more. Clinical infectious 
diseases : an official publication of the Infectious Diseases Society of America. 
2011;52(7):889-900. 
120. Lagging M, Duberg AS, Wejstal R, Weiland O, Lindh M, Aleman S, et al. 
Treatment of hepatitis C virus infection in adults and children: Updated 
Swedish consensus recommendations. Scandinavian journal of infectious 
diseases. 2012. 
121. Pappas SC, Hoofnagle JH, Young N, Straus SE, Jones EA. Treatment of 
chronic non-A, non-B hepatitis wih acyclovir: pilot study. Journal of medical 
virology. 1985;15(1):1-9. 
122. Strader DB, Seeff LB. A brief history of the treatment of viral hepatitis C. 
Clinical Liver Disease. 2012;1(1):6-11. 
123. Manns MP, Wedemeyer H, Cornberg M. Treating viral hepatitis C: efficacy, 
side effects, and complications. Gut. 2006;55(9):1350-9. 
124. Ge D, Fellay J, Thompson AJ, Simon JS, Shianna KV, Urban TJ, et al. Genetic 
variation in IL28B predicts hepatitis C treatment-induced viral clearance. 
Nature. 2009;461(7262):399-401. 
125. Ghany MG, Strader DB, Thomas DL, Seeff LB. Diagnosis, management, and 
treatment of hepatitis C: an update. Hepatology. 2009;49(4):1335-74. 
126. Hofmann WP, Zeuzem S. A new standard of care for the treatment of chronic 
HCV infection. Nature reviews. Gastroenterology & hepatology. 
2011;8(5):257-64. 
127. Ferenci P, Fried MW, Shiffman ML, Smith CI, Marinos G, Goncales FL, Jr., et 
al. Predicting sustained virological responses in chronic hepatitis C patients 
treated with peginterferon alfa-2a (40 KD)/ribavirin. Journal of hepatology. 
2005;43(3):425-33. 
128. Shiffman ML, Suter F, Bacon BR, Nelson D, Harley H, Sola R, et al. 
Peginterferon alfa-2a and ribavirin for 16 or 24 weeks in HCV genotype 2 or 3. 
The New England journal of medicine. 2007;357(2):124-34. 
129. Hadziyannis SJ, Sette H, Jr., Morgan TR, Balan V, Diago M, Marcellin P, et al. 
Peginterferon-alpha2a and ribavirin combination therapy in chronic hepatitis C: 
a randomized study of treatment duration and ribavirin dose. Annals of internal 
medicine. 2004;140(5):346-55. 
130. Manns MP, McHutchison JG, Gordon SC, Rustgi VK, Shiffman M, Reindollar 
R, et al. Peginterferon alfa-2b plus ribavirin compared with interferon alfa-2b 
   61 
plus ribavirin for initial treatment of chronic hepatitis C: a randomised trial. 
Lancet. 2001;358(9286):958-65. 
131. Aghemo A, Rumi MG, Soffredini R, D'Ambrosio R, Ronchi G, Del Ninno E, et 
al. Impaired response to interferon-alpha2b plus ribavirin in cirrhotic patients 
with genotype 3a hepatitis C virus infection. Antiviral therapy. 2006;11(6):797-
802. 
132. Everson GT, Hoefs JC, Seeff LB, Bonkovsky HL, Naishadham D, Shiffman 
ML, et al. Impact of disease severity on outcome of antiviral therapy for chronic 
hepatitis C: Lessons from the HALT-C trial. Hepatology. 2006;44(6):1675-84. 
133. Bruno S, Shiffman ML, Roberts SK, Gane EJ, Messinger D, Hadziyannis SJ, et 
al. Efficacy and safety of peginterferon alfa-2a (40KD) plus ribavirin in 
hepatitis C patients with advanced fibrosis and cirrhosis. Hepatology. 
2010;51(2):388-97. 
134. Vezali E, Aghemo A, Colombo M. A review of the treatment of chronic 
hepatitis C virus infection in cirrhosis. Clinical therapeutics. 2010;32(13):2117-
38. 
135. Danish FA, Koul SS, Subhani FR, Rabbani AE, Yasmin S. Antiviral therapy in 
HCV-infected decompensated cirrhotics. Saudi journal of gastroenterology : 
official journal of the Saudi Gastroenterology Association. 2010;16(4):310-4. 
136. Everson GT, Trotter J, Forman L, Kugelmas M, Halprin A, Fey B, et al. 
Treatment of advanced hepatitis C with a low accelerating dosage regimen of 
antiviral therapy. Hepatology. 2005;42(2):255-62. 
137. Bourliere M, Khaloun A, Wartelle-Bladou C, Oules V, Portal I, Benali S, et al. 
Future treatment of patients with HCV cirrhosis. Liver international : official 
journal of the International Association for the Study of the Liver. 2012;32 
Suppl 1:113-9. 
138. Bruno S, Stroffolini T, Colombo M, Bollani S, Benvegnu L, Mazzella G, et al. 
Sustained virological response to interferon-alpha is associated with improved 
outcome in HCV-related cirrhosis: a retrospective study. Hepatology. 
2007;45(3):579-87. 
139. Cardoso AC, Moucari R, Figueiredo-Mendes C, Ripault MP, Giuily N, 
Castelnau C, et al. Impact of peginterferon and ribavirin therapy on 
hepatocellular carcinoma: incidence and survival in hepatitis C patients with 
advanced fibrosis. Journal of hepatology. 2010;52(5):652-7. 
140. Singal AK, Singh A, Jaganmohan S, Guturu P, Mummadi R, Kuo YF, et al. 
Antiviral therapy reduces risk of hepatocellular carcinoma in patients with 
hepatitis C virus-related cirrhosis. Clinical gastroenterology and hepatology : 
the official clinical practice journal of the American Gastroenterological 
Association. 2010;8(2):192-9. 
141. Yoshida H, Tateishi R, Arakawa Y, Sata M, Fujiyama S, Nishiguchi S, et al. 
Benefit of interferon therapy in hepatocellular carcinoma prevention for 
individual patients with chronic hepatitis C. Gut. 2004;53(3):425-30. 
142. Fernandez-Rodriguez CM, Alonso S, Martinez SM, Forns X, Sanchez-Tapias 
JM, Rincon D, et al. Peginterferon plus ribavirin and sustained virological 
response in HCV-related cirrhosis: outcomes and factors predicting response. 
The American journal of gastroenterology. 2010;105(10):2164-72; quiz 73. 
143. Veldt BJ, Heathcote EJ, Wedemeyer H, Reichen J, Hofmann WP, Zeuzem S, et 
al. Sustained virologic response and clinical outcomes in patients with chronic 
hepatitis C and advanced fibrosis. Annals of internal medicine. 
2007;147(10):677-84. 
144. Morgan TR, Ghany MG, Kim HY, Snow KK, Shiffman ML, De Santo JL, et al. 
Outcome of sustained virological responders with histologically advanced 
chronic hepatitis C. Hepatology. 2010;52(3):833-44. 
145. Poynard T, McHutchison J, Manns M, Trepo C, Lindsay K, Goodman Z, et al. 
Impact of pegylated interferon alfa-2b and ribavirin on liver fibrosis in patients 
with chronic hepatitis C. Gastroenterology. 2002;122(5):1303-13. 
146. Serpaggi J, Carnot F, Nalpas B, Canioni D, Guechot J, Lebray P, et al. Direct 
and indirect evidence for the reversibility of cirrhosis. Human pathology. 
2006;37(12):1519-26. 
 62 
147. Pawlotsky JM, Chevaliez S, McHutchison JG. The hepatitis C virus life cycle 
as a target for new antiviral therapies. Gastroenterology. 2007;132(5):1979-98. 
148. Sherman KE, Flamm SL, Afdhal NH, Nelson DR, Sulkowski MS, Everson GT, 
et al. Response-guided telaprevir combination treatment for hepatitis C virus 
infection. The New England journal of medicine. 2011;365(11):1014-24. 
149. Ramachandran P, Fraser A, Agarwal K, Austin A, Brown A, Foster GR, et al. 
UK consensus guidelines for the use of the protease inhibitors boceprevir and 
telaprevir in genotype 1 chronic hepatitis C infected patients. Alimentary 
pharmacology & therapeutics. 2012;35(6):647-62. 
150. Ciesek S, Manns MP. Hepatitis in 2010: the dawn of a new era in HCV therapy. 
Nature reviews. Gastroenterology & hepatology. 2011;8(2):69-71. 
151. Zeuzem S, Andreone P, Pol S, Lawitz E, Diago M, Roberts S, et al. Telaprevir 
for retreatment of HCV infection. The New England journal of medicine. 
2011;364(25):2417-28. 
152. Bacon BR, Gordon SC, Lawitz E, Marcellin P, Vierling JM, Zeuzem S, et al. 
Boceprevir for previously treated chronic HCV genotype 1 infection. The New 
England journal of medicine. 2011;364(13):1207-17. 
153. Yang JD, Roberts LR. Hepatocellular carcinoma: A global view. Nature 
reviews. Gastroenterology & hepatology. 2010;7(8):448-58. 
154. Nordenstedt H, White DL, El-Serag HB. The changing pattern of epidemiology 
in hepatocellular carcinoma. Digestive and liver disease : official journal of the 
Italian Society of Gastroenterology and the Italian Association for the Study of 
the Liver. 2010;42 Suppl 3:S206-14. 
155. Caldwell S, Park SH. The epidemiology of hepatocellular cancer: from the 
perspectives of public health problem to tumor biology. Journal of 
gastroenterology. 2009;44 Suppl 19:96-101. 
156. Cabibbo G, Craxi A. Epidemiology, risk factors and surveillance of 
hepatocellular carcinoma. European review for medical and pharmacological 
sciences. 2010;14(4):352-5. 
157. El-Serag HB, Rudolph KL. Hepatocellular carcinoma: epidemiology and 
molecular carcinogenesis. Gastroenterology. 2007;132(7):2557-76. 
158. Yoshida H, Shiratori Y, Moriyama M, Arakawa Y, Ide T, Sata M, et al. 
Interferon therapy reduces the risk for hepatocellular carcinoma: national 
surveillance program of cirrhotic and noncirrhotic patients with chronic 
hepatitis C in Japan. IHIT Study Group. Inhibition of Hepatocarcinogenesis by 
Interferon Therapy. Annals of internal medicine. 1999;131(3):174-81. 
159. McGivern DR, Lemon SM. Tumor suppressors, chromosomal instability, and 
hepatitis C virus-associated liver cancer. Annual review of pathology. 
2009;4:399-415. 
160. Levrero M. Viral hepatitis and liver cancer: the case of hepatitis C. Oncogene. 
2006;25(27):3834-47. 
161. Bartosch B, Thimme R, Blum HE, Zoulim F. Hepatitis C virus-induced 
hepatocarcinogenesis. Journal of hepatology. 2009;51(4):810-20. 
162. Tsai WL, Chung RT. Viral hepatocarcinogenesis. Oncogene. 
2010;29(16):2309-24. 
163. Satyanarayana A, Manns MP, Rudolph KL. Telomeres and telomerase: a dual 
role in hepatocarcinogenesis. Hepatology. 2004;40(2):276-83. 
164. Giorgio A, Calisti G, di Sarno A, Farella N, de Stefano G, Scognamiglio U, et 
al. Characterization of dysplastic nodules, early hepatocellular carcinoma and 
progressed hepatocellular carcinoma in cirrhosis with contrast-enhanced 
ultrasound. Anticancer research. 2011;31(11):3977-82. 
165. Pradat P, Tillmann HL, Sauleda S, Braconier JH, Saracco G, Thursz M, et al. 
Long-term follow-up of the hepatitis C HENCORE cohort: response to therapy 
and occurrence of liver-related complications. Journal of viral hepatitis. 
2007;14(8):556-63. 
166. Pradat P, Voirin N, Tillmann HL, Chevallier M, Trepo C. Progression to 
cirrhosis in hepatitis C patients: an age-dependent process. Liver international : 
official journal of the International Association for the Study of the Liver. 
2007;27(3):335-9. 
   63 
167. Niederau C, Lange S, Heintges T, Erhardt A, Buschkamp M, Hurter D, et al. 
Prognosis of chronic hepatitis C: results of a large, prospective cohort study. 
Hepatology. 1998;28(6):1687-95. 
168. Ikeda K, Saitoh S, Koida I, Arase Y, Tsubota A, Chayama K, et al. A 
multivariate analysis of risk factors for hepatocellular carcinogenesis: a 
prospective observation of 795 patients with viral and alcoholic cirrhosis. 
Hepatology. 1993;18(1):47-53. 
169. Donato F, Tagger A, Gelatti U, Parrinello G, Boffetta P, Albertini A, et al. 
Alcohol and hepatocellular carcinoma: the effect of lifetime intake and hepatitis 
virus infections in men and women. American journal of epidemiology. 
2002;155(4):323-31. 
170. Morgan TR, Mandayam S, Jamal MM. Alcohol and hepatocellular carcinoma. 
Gastroenterology. 2004;127(5 Suppl 1):S87-96. 
171. Aizawa Y, Shibamoto Y, Takagi I, Zeniya M, Toda G. Analysis of factors 
affecting the appearance of hepatocellular carcinoma in patients with chronic 
hepatitis C. A long term follow-up study after histologic diagnosis. Cancer. 
2000;89(1):53-9. 
172. El-Serag HB, Tran T, Everhart JE. Diabetes increases the risk of chronic liver 
disease and hepatocellular carcinoma. Gastroenterology. 2004;126(2):460-8. 
173. Chen CL, Yang HI, Yang WS, Liu CJ, Chen PJ, You SL, et al. Metabolic 
factors and risk of hepatocellular carcinoma by chronic hepatitis B/C infection: 
a follow-up study in Taiwan. Gastroenterology. 2008;135(1):111-21. 
174. Kumar D, Farrell GC, Kench J, George J. Hepatic steatosis and the risk of 
hepatocellular carcinoma in chronic hepatitis C. Journal of gastroenterology and 
hepatology. 2005;20(9):1395-400. 
175. Ohata K, Hamasaki K, Toriyama K, Matsumoto K, Saeki A, Yanagi K, et al. 
Hepatic steatosis is a risk factor for hepatocellular carcinoma in patients with 
chronic hepatitis C virus infection. Cancer. 2003;97(12):3036-43. 
176. Calle EE, Rodriguez C, Walker-Thurmond K, Thun MJ. Overweight, obesity, 
and mortality from cancer in a prospectively studied cohort of U.S. adults. The 
New England journal of medicine. 2003;348(17):1625-38. 
177. Bruno S, Silini E, Crosignani A, Borzio F, Leandro G, Bono F, et al. Hepatitis 
C virus genotypes and risk of hepatocellular carcinoma in cirrhosis: a 
prospective study. Hepatology. 1997;25(3):754-8. 
178. Degos F, Christidis C, Ganne-Carrie N, Farmachidi JP, Degott C, Guettier C, et 
al. Hepatitis C virus related cirrhosis: time to occurrence of hepatocellular 
carcinoma and death. Gut. 2000;47(1):131-6. 
179. Niederau C, Heintges T, Lange S, Goldmann G, Niederau CM, Mohr L, et al. 
Long-term follow-up of HBeAg-positive patients treated with interferon alfa for 
chronic hepatitis B. The New England journal of medicine. 1996;334(22):1422-
7. 
180. Bruix J, Sherman M. Management of hepatocellular carcinoma. Hepatology. 
2005;42(5):1208-36. 
181. Morin SH, Lim AK, Cobbold JF, Taylor-Robinson SD. Use of second 
generation contrast-enhanced ultrasound in the assessment of focal liver lesions. 
World journal of gastroenterology : WJG. 2007;13(45):5963-70. 
182. Murakami T, Imai Y, Okada M, Hyodo T, Lee WJ, Kim MJ, et al. 
Ultrasonography, computed tomography and magnetic resonance imaging of 
hepatocellular carcinoma: toward improved treatment decisions. Oncology. 
2011;81 Suppl 1:86-99. 
183. Albrecht T, Blomley M, Bolondi L, Claudon M, Correas JM, Cosgrove D, et al. 
Guidelines for the use of contrast agents in ultrasound. January 2004. 
Ultraschall in der Medizin. 2004;25(4):249-56. 
184. Nicolau C, Vilana R, Catala V, Bianchi L, Gilabert R, Garcia A, et al. 
Importance of evaluating all vascular phases on contrast-enhanced sonography 
in the differentiation of benign from malignant focal liver lesions. AJR. 
American journal of roentgenology. 2006;186(1):158-67. 
185. Sporea I, Sirli R. Contrast-enhanced ultrasound assessment of focal liver lesions 
with SonoVue. Imaging in Medicine. 2012;4(2):163-70. 
 64 
186. Lee KH, O'Malley ME, Haider MA, Hanbidge A. Triple-phase MDCT of 
hepatocellular carcinoma. AJR. American journal of roentgenology. 
2004;182(3):643-9. 
187. Lencioni R, Crocetti L, Della Pina MC, Cioni D. Guidelines for imaging focal 
lesions in liver cirrhosis. Expert review of gastroenterology & hepatology. 
2008;2(5):697-703. 
188. Cabibbo G, Craxi A. Hepatocellular cancer: optimal strategies for screening and 
surveillance. Digestive diseases. 2009;27(2):142-7. 
189. Bruix J, Sherman M. Management of hepatocellular carcinoma: an update. 
Hepatology. 2011;53(3):1020-2. 
190. Llovet JM, Di Bisceglie AM, Bruix J, Kramer BS, Lencioni R, Zhu AX, et al. 
Design and endpoints of clinical trials in hepatocellular carcinoma. Journal of 
the National Cancer Institute. 2008;100(10):698-711. 
191. Forner A, Ayuso C, Isabel Real M, Sastre J, Robles R, Sangro B, et al. 
[Diagnosis and treatment of hepatocellular carcinoma]. Medicina clinica. 
2009;132(7):272-87. 
192. Jelic S. Hepatocellular carcinoma: ESMO clinical recommendations for 
diagnosis, treatment and follow-up. Annals of oncology : official journal of the 
European Society for Medical Oncology / ESMO. 2009;20 Suppl 4:41-5. 
193. Quaia E, Calliada F, Bertolotto M, Rossi S, Garioni L, Rosa L, et al. 
Characterization of focal liver lesions with contrast-specific US modes and a 
sulfur hexafluoride-filled microbubble contrast agent: diagnostic performance 
and confidence. Radiology. 2004;232(2):420-30. 
194. Xu HX, Liu GJ, Lu MD, Xie XY, Xu ZF, Zheng YL, et al. Characterization of 
small focal liver lesions using real-time contrast-enhanced sonography: 
diagnostic performance analysis in 200 patients. Journal of ultrasound in 
medicine : official journal of the American Institute of Ultrasound in Medicine. 
2006;25(3):349-61. 
195. Taouli B, Losada M, Holland A, Krinsky G. Magnetic resonance imaging of 
hepatocellular carcinoma. Gastroenterology. 2004;127(5 Suppl 1):S144-52. 
196. Bolondi L, Gaiani S, Celli N, Golfieri R, Grigioni WF, Leoni S, et al. 
Characterization of small nodules in cirrhosis by assessment of vascularity: the 
problem of hypovascular hepatocellular carcinoma. Hepatology. 2005;42(1):27-
34. 
197. Nakashima Y, Nakashima O, Hsia CC, Kojiro M, Tabor E. Vascularization of 
small hepatocellular carcinomas: correlation with differentiation. Liver. 
1999;19(1):12-8. 
198. Kojiro M. Diagnostic discrepancy of early hepatocellular carcinoma between 
Japan and West. Hepatology research : the official journal of the Japan Society 
of Hepatology. 2007;37 Suppl 2:S121-4. 
199. Sherman M. The radiological diagnosis of hepatocellular carcinoma. The 
American journal of gastroenterology. 2010;105(3):610-2. 
200. Jang HJ, Kim TK, Burns PN, Wilson SR. Enhancement patterns of 
hepatocellular carcinoma at contrast-enhanced US: comparison with histologic 
differentiation. Radiology. 2007;244(3):898-906. 
201. Bartolotta TV, Taibbi A, Midiri M, Lagalla R. Focal liver lesions: contrast-
enhanced ultrasound. Abdominal imaging. 2009;34(2):193-209. 
202. Bohle W, Clemens PU, Heubach T, Zoller WG. Contrast-Enhanced Ultrasound 
(CEUS) for Differentiating Between Hepatocellular and Cholangiocellular 
Carcinoma. Ultraschall in der Medizin. 2011. 
203. Wong GL, Xu HX, Xie XY. Detection of focal liver lesions in cirrhotic liver 
using contrast-enhanced ultrasound. World journal of radiology. 2009;1(1):25-
36. 
204. Jang HJ, Kim TK, Wilson SR. Small nodules (1-2 cm) in liver cirrhosis: 
characterization with contrast-enhanced ultrasound. European journal of 
radiology. 2009;72(3):418-24. 
205. Shiffman ML, Ghany MG, Morgan TR, Wright EC, Everson GT, Lindsay KL, 
et al. Impact of reducing peginterferon alfa-2a and ribavirin dose during 
retreatment in patients with chronic hepatitis C. Gastroenterology. 
2007;132(1):103-12. 
   65 
206. Roomer R, Hansen BE, Janssen HL, de Knegt RJ. Risk factors for infection 
during treatment with peginterferon alfa and ribavirin for chronic hepatitis C. 
Hepatology. 2010;52(4):1225-31. 
207. Roomer R, Hansen BE, Janssen HL, de Knegt RJ. Thrombocytopenia and the 
risk of bleeding during treatment with peginterferon alfa and ribavirin for 
chronic hepatitis C. Journal of hepatology. 2010;53(3):455-9. 
208. Hezode C, Dorival C, Zoulim F. Safety of telaprevir or boceprevir in 
combination with peginterferon alfa/ribavirin, in cirrhotic non responders: first 
results of the French early access program (ANRS CO20-CUPIC). Program and 
abstracts of the 47th Annual Meeting of the European Association for the Study 
of the Liver; April 19-22, 2012; Barcelona, Spain. Abstract 8. 2012  
209. Braks RE, Ganne-Carrie N, Fontaine H, Paries J, Grando-Lemaire V, 
Beaugrand M, et al. Effect of sustained virological response on long-term 
clinical outcome in 113 patients with compensated hepatitis C-related cirrhosis 
treated by interferon alpha and ribavirin. World journal of gastroenterology : 
WJG. 2007;13(42):5648-53. 
210. Mazzella G, Accogli E, Sottili S, Festi D, Orsini M, Salzetta A, et al. Alpha 
interferon treatment may prevent hepatocellular carcinoma in HCV-related liver 
cirrhosis. Journal of hepatology. 1996;24(2):141-7. 
211. Singal AG, Volk ML, Jensen D, Di Bisceglie AM, Schoenfeld PS. A sustained 
viral response is associated with reduced liver-related morbidity and mortality 
in patients with hepatitis C virus. Clinical gastroenterology and hepatology : the 
official clinical practice journal of the American Gastroenterological 
Association. 2010;8(3):280-8, 8 e1. 
212. Bruno S, Crosignani A, Facciotto C, Rossi S, Roffi L, Redaelli A, et al. 
Sustained virologic response prevents the development of esophageal varices in 
compensated, Child-Pugh class A hepatitis C virus-induced cirrhosis. A 12-year 
prospective follow-up study. Hepatology. 2010;51(6):2069-76. 
213. Alavez-Ramirez J, Fuentes-Allen JL, Lopez-Estrada J. Noninvasive monitoring 
of hepatic damage from hepatitis C virus infection. Computational and 
mathematical methods in medicine. 2011;2011:325470. 
214. Krawczynski K, Beach MJ, Bradley DW, Kuo G, di Bisceglie AM, Houghton 
M, et al. Hepatitis C virus antigen in hepatocytes: immunomorphologic 
detection and identification. Gastroenterology. 1992;103(2):622-9. 
215. Hiramatsu N, Hayashi N, Haruna Y, Kasahara A, Fusamoto H, Mori C, et al. 
Immunohistochemical detection of hepatitis C virus-infected hepatocytes in 
chronic liver disease with monoclonal antibodies to core, envelope and NS3 
regions of the hepatitis C virus genome. Hepatology. 1992;16(2):306-11. 
216. Sansonno D, Lauletta G, Dammacco F. Detection and quantitation of HCV core 
protein in single hepatocytes by means of laser capture microdissection and 
enzyme-linked immunosorbent assay. Journal of viral hepatitis. 2004;11(1):27-
32. 
217. Lau DT, Fish PM, Sinha M, Owen DM, Lemon SM, Gale M, Jr. Interferon 
regulatory factor-3 activation, hepatic interferon-stimulated gene expression, 
and immune cell infiltration in hepatitis C virus patients. Hepatology. 
2008;47(3):799-809. 
218. Liang Y, Shilagard T, Xiao SY, Snyder N, Lau D, Cicalese L, et al. Visualizing 
hepatitis C virus infections in human liver by two-photon microscopy. 
Gastroenterology. 2009;137(4):1448-58. 
219. Lau JY, Davis GL, Kniffen J, Qian KP, Urdea MS, Chan CS, et al. Significance 
of serum hepatitis C virus RNA levels in chronic hepatitis C. Lancet. 
1993;341(8859):1501-4. 
220. McCormick SE, Goodman ZD, Maydonovitch CL, Sjogren MH. Evaluation of 
liver histology, ALT elevation, and HCV RNA titer in patients with chronic 
hepatitis C. The American journal of gastroenterology. 1996;91(8):1516-22. 
221. Zeuzem S, Franke A, Lee JH, Herrmann G, Ruster B, Roth WK. Phylogenetic 
analysis of hepatitis C virus isolates and their correlation to viremia, liver 
function tests, and histology. Hepatology. 1996;24(5):1003-9. 
 66 
222. Kao JH, Lai MY, Chen PJ, Hwang LH, Chen W, Chen DS. Clinical 
significance of serum hepatitis C virus titers in patients with chronic type C 
hepatitis. The American journal of gastroenterology. 1996;91(3):506-10. 
223. Oshita M, Hayashi N, Kasahara A, Hagiwara H, Mita E, Naito M, et al. 
Increased serum hepatitis C virus RNA levels among alcoholic patients with 
chronic hepatitis C. Hepatology. 1994;20(5):1115-20. 
224. Pessione F, Degos F, Marcellin P, Duchatelle V, Njapoum C, Martinot-
Peignoux M, et al. Effect of alcohol consumption on serum hepatitis C virus 
RNA and histological lesions in chronic hepatitis C. Hepatology. 
1998;27(6):1717-22. 
225. Poynard T, Bedossa P, Opolon P. Natural history of liver fibrosis progression in 
patients with chronic hepatitis C. The OBSVIRC, METAVIR, CLINIVIR, and 
DOSVIRC groups. Lancet. 1997;349(9055):825-32. 
226. Cromie SL, Jenkins PJ, Bowden DS, Dudley FJ. Chronic hepatitis C: effect of 
alcohol on hepatitic activity and viral titre. Journal of hepatology. 
1996;25(6):821-6. 
227. Ohnishi K, Matsuo S, Matsutani K, Itahashi M, Kakihara K, Suzuki K, et al. 
Interferon therapy for chronic hepatitis C in habitual drinkers: comparison with 
chronic hepatitis C in infrequent drinkers. The American journal of 
gastroenterology. 1996;91(7):1374-9. 
228. Wiley TE, McCarthy M, Breidi L, Layden TJ. Impact of alcohol on the 
histological and clinical progression of hepatitis C infection. Hepatology. 
1998;28(3):805-9. 
229. Affolter WF. The Specter of Ideological Genocide: The Bahá'ís of Iran. War 
Crimes, Genocide, & Crimes against Humanity. 2005;1(1):75-114. 
230. Momen M. The Babi and Baha'i community of Iran: a case of "suspended 
genocide"? Journal of Genocide Research. 2005;7(2):221-41. 
 
 
